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ABSTRACT 
  Coypu  are  invasive  rodents  that  are  ravaging  wetlands  across  their 
introduced range.  Coypu have a sexually dimorphic (male larger) anal gland 
(AG) used in scent marking behavior.  Using GC-MS, this study looked for a 
similar  dimorphism  in  compounds  produced  by  the  AG.    Male  AG  extract 
contained 15 compounds.  Of the 15 compounds, 6 are fatty acids of known 
structure.    Nine  of  the  compounds  are  partially  characterized  farnesene 
isomers.  Each male AG chromatograph had the same compounds present, 
but in differing proportions.  This suggests that coypu can use AG secretion to 
identify  individual  males.    Such  knowledge  of  compounds  used  in  coypu 
chemical  communication  could  be  useful  in  developing  coypu-specific 
attractants.  The second part of this study used a computer program to identify 
individual coypu by marking and matching whisker-insertion patterns.  It was 
found that whisker insertion pattern can be used as a ‘fingerprint’ to aid in the 
photographic identification of individual coypu.   
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  1     
INTRODUCTION: ORIGIN, INVASION, AND CONTROL 
The  stakes  involved  in  coypu  research,  as  measured  by  the  steady 
annual loss of crucial wetlands to coypu herbivory, are too high not to point out 
at the beginning of this thesis. Feral coypu are destructive pests.  To fully 
understand the importance and scope of the work detailed in this thesis, it is 
necessary to understand the importance and scope of feral coypu as pests.  
What follows is meant to highlight where coypu have come from, where they 
have been, and where humans will allow them to go.   
Multiple  current  hypotheses  of  rodent  systematics  support  a  single 
colonization event of South America by caviomorph rodents 30 million years 
ago  (Houchon  and  Douzery  2001).    From  this  initial  event,  caviomorphs 
spread  across  South  America  and  evolved  into  the  most  ecologically  and 
behaviorally diverse assemblage of rodents on Earth (Tang-Martinez 2003).  
Caviomorphs evolved into monogamous antelope-like forms (maras, (Taber 
and  McDonald  1992)),  large  herding  forms  ecologically  and  behaviorally 
similar to the hippopotamus (capybaras, (Herrera and McDonald 1993), and 
even  tree  dwelling  porcupines  with  prehensile  tails  (Candela  and  Morrone 
2003).    In  the  temperate  marshlands  of  Patagonian  South  America,  coypu 
(Myocastor  coypus)  evolved  to  fill  the  niche  associated  with  beaver  and 
muskrats  in  the  Northern  hemisphere  (Figure  1).    And  there  they  lived 
relatively undisturbed, hunted first by Amerindians and then the Spanish until 
their  voracious  appetite  and  lustrous  fur  were  noticed  by  enterprising 
businessmen.      
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Figure  1:  Natural  range  of  coypu,  Myocastor  coypus.  (Adapted  from 
Woods et al 1992) 
Coypu,  or  nutria  as  they  are  called  outside  their  native  range,  were 
exported to many parts of the world for various reasons in the early 1900s.  
Chief among these were fur farming, control of canal clogging water hyacinth,  
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and meat.  While still farmed as a cottage industry in parts of Europe, coypu 
have never successfully caught on as an economically viable meat source.  It 
also became quickly known that even coypu wouldn’t eat water hyacinth.  It 
was  for  fur  that  coypu  were  eventually  taken  to  places  like  Louisiana  and 
Maryland  in  the  United  States  (Figure  2),  England,  France,  and  Poland  in 
Europe, Israel, and even a volcanic crater lake in Africa (Carter and Leonard 
2002).    Most  coypu  farmers  were  people  who  thought  they  would  get  rich 
quick raising a giant rat that made expensive fur.  When faced with the cost of 
building concrete pens to contain a coypu’s massive jaws and correspondingly 
massive  feed  bills,  many  coypu  farmers  simply  opened  their  cages  and 
released  their  animals.    Destructive  storms,  particularly  hurricanes  in 
Louisiana and Maryland, helped coypu escape farms and also spread them 
further inland.  One hurricane that struck Avery Island in Louisiana is credited 
with  destroying  the  coypu  farm  of  EA  McIllhenny,  the  inventor  of  Tabasco 
sauce.  McIllhenny’s coypu are popularly believed to be the source of most of 
the coypu that spread across Louisiana and the coast of the Gulf of Mexico.  In 
reality,  coypu  were  released  many  times  in  many  places  by  now  unknown 
private citizens and state and federal agencies intent on making coypu another 
source  of fur  revenue.    Before  it  was  completely  abandoned  in the 1950s, 
coypu  farming  had  succeeded  in  repeatedly  seeding  local  wetlands  with  a 
population of well fed, reproductive age coypu (Carter and Leonard 2002).    
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Figure  2:  Range  of  feral  coypu,  Myocastor  coypus,  in  North  America.  
Adapted from LeBlanc (1994).   
In the late 1940s, coypu started showing up in leg hold traps set for 
muskrats  and  beavers.    Muskrat  numbers  began  to  decline  drastically 
wherever coypu were found.  It is still unknown whether coypu simply out ate 
muskrats  or  whether  they  actively  forced  them  off  productive  marsh.  
Eventually muskrats went commercially extinct in Louisiana, a state that had 
produced more muskrat pelts than the rest of North America for many years 
(Evans  1970,  Bounds  and  Carowan  2000).    Before  the  invasion  of  coypu, 
trappers used to be able to walk the marsh and skin muskrats in the field,  
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leaving  the  carcasses  in  the  marsh  and  bringing  the  pelts  back to  market.  
With  no  muskrats,  trappers  had  no  choice  but  to  go  after  the  heavier  and 
harder-to-process coypu.  Compared to muskrats, coypu are incredibly hard to 
skin.  Trappers must bring the entire animal back to camp before it can be 
properly skinned.  To do this in a cost effective manner, a trapper needed 
larger  boats  than  the  home-made  pirogues  used  previously.    This  was  an 
option open only to trappers with the money to buy them.  The first victim of 
coypu expansion was the muskrat and the culture of the poor trappers who 
pursued  them  (Tarver  et  al  1987,  Lowery  1974,  Acosta  personal 
communication).   
Despite this loss and the difficulty inherent in trapping coypu, coypu fur 
was still one of the most valuable furs in the world.  As long as people wanted 
coypu fur coats and hats, trappers found a way to get coypu fur to market.  
Over one million coypu pelts were exported annually between 1960 and 1985 
from Louisiana alone (Figure 3).  Since these numbers are based on an export 
tax on fur sellers who only sell the best furs they receive from trappers, this 
number is actually an underestimate (Kinler et al 1999).  Any animal that could 
yearly lose at least one million individuals for more than two decades in only 
one part of its introduced range was no longer being trapped.  It was being 
fished.  Such numbers only hinted at the coming disaster.  At the zenith of the 
fur industry, no one could foresee a time when people would not wear fur.      
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Figure  3:  Average  pelt  price  and  number  of  coypu,  Myocastor  coypu, 
harvested in Louisiana from 1943 to 2001.  SOURCE: Comparative Takes 
of  Fur  Animals,  LDWF  Annual  Reports,  1944-2001.    Used  with 
permission. 
Of  course,  that  is  exactly  what  happened.    In  the  late  1980s,  the 
campaigns  of  various  animal  rights  activist  groups  had  commercially 
eliminated one of the oldest of all human customs: wearing animal fur.  When 
people stopped wearing fur clothing, the demand for coypu fur fell.  It became 
unprofitable for trappers to carry on with what was left of their livelihood. That 
this happened at the same time as the expansion of better paying jobs in the 
booming  oil  industry  of  the  1980s  only  further  exacerbated  the  problem 
(Gomez 1998).   
With their human predators literally out of a job, coypu began to expand 
inexorably  across  their  introduced  range.    Reports  of  “eat-outs,”  areas  of 
marsh grass eaten down to the bare mud, began to surface (Linscombe 1992,  
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Mouton et al 2001) (Figure 4).  Eat outs are only the highly visible end stage of 
a systemic coypu infestation.  Once the sustaining network of grass roots are 
dug up and eaten by hungry coypu, the bare mud left behind is soon eroded 
by wave action and converted to open water.  It is estimated that 100,000 
acres  of  coastal  marsh  are  seriously  damaged  by  coypu  every  year  in 
Louisiana alone (Mouton et al 2001).  These marshes nourish the larval stages 
of  virtually  every  food  organism  commonly  eaten  by  humans  and  larger 
aquatic  predators.    Marshes  lost  to  coypu  are  also  essential  to  protecting 
coastal  cities  from  tidal  surges  generated  by  hurricanes  (Chabreck  1972, 
Lowery 1974, Valentine et al 1972).  While marsh loss is the most serious and 
dramatic result of coypu range expansion and overpopulation, it is not the only 
result.    Efforts  to  restore  cypress  swamps  have  also  been  thwarted  when 
coypu ate gnawed juvenile trees or ate planted seedlings (Blair and Langlinias 
1960, Conner and Toliver 1987, Myers et al 1995).  Tunneling coypu have 
compromised  earthen  flood  control  structures  (Lowery  1974,  Mouton  et  al 
2001).    As  evidence  of  such  visible  damage  began  to  build  up,  wildlife 
management professionals realized that coypu had become a classic invasive 
species.  They had no natural predators and were expanding to the detriment 
of their new environment and its native species (Bounds and Carowan 2000, 
Carter and Leonard 2002).     
  Efforts to control or even eradicate coypu from their introduced range 
began  soon  after  the  first  reported  eat-outs.    With  one  exception,  all 
eradication efforts have failed (Carter and Leonard 2002).  The exception, the 
eradication of coypu in the marshes of southern Great Britain, also became 
the source of most of our knowledge of coypu physiology and behavior.  L.M. 
Gosling and his team of trappers took seven years to systematically kill every  
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coypu in the 100,000 acre marshes of East Anglia.  Gosling’s success is still 
unique for several reasons.  First, coypu were never as widespread in Great 
Britain as they still are in coypu ‘hot spots’ like the Gulf Coast of Louisiana, the 
Chesapeake  Bay  region  of  Maryland,    or  the  Marais  Poitevin  of  France.  
Second, Great Britain’s harsh winters led to severe seasonal mortality.  In fact, 
Gosling  capitalized  on  this  by  increasing  the  number  of  trappers  following 
colder winters (Gosling and Baker 1989).  Great Britain is now coypu-free.   
The rest of the coypu containing-world has spent considerable monies 
on analyzing and facing their respective infestation problems.  Locations with 
relatively low grade infestations (i.e. Oregon) take the ‘open season’ approach.  
Coypu  can  be  killed  on  sight  any  time  of  the  year  by  licensed  trappers 
(Anonymous 2005).  The entire southern part of Louisiana is a labyrinthine 
mixture of marsh, swamp, and river delta.  And it is all infested with coypu.  An 
area  approximately  20  times  the  size  of  Gosling’s  eradication  zone, 
Louisiana’s continuous wetlands are almost unanimously seen as too big and 
too  remote  an  area  to  be  seriously  considered  for  systematic  eradication.  
Instead, Louisiana coypu biologists decided to tap the deep trapping traditions 
present  in  the  state  by  creating  and  funding  the  Coastwide  Nutria  Control 
Program in 2002.  The state began offering a four dollar per coypu (measured 
by severed tails) bounty to anyone who signed up for the program.  In its first 
year, 300,000 coypu were killed.  While this is far short of the number of coypu 
killed yearly at the peak of the fur industry, it is still a substantial reduction of 
coypu (Marx et al 2003). 
Taking  a  hard  line  approach,  the  state  of  Maryland  and  a  host  of 
government  partners  have  decided  to  attempt  the  second  successful 
eradication effort.  Starting in Maryland’s Blackwater National Wildlife Refuge,  
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coypu  are  being  systematically  eliminated  as  part  of  the  Maryland  Nutria 
Project.    Their  plan,  which  will  eventually  cover  the  entire  Chesapeake 
watershed, is modeled directly on Gosling’s tactics and with his cooperation 
(Steve  Kendrot,  personal  communication).    Initial  results  of  this  massive 
undertaking  have  been  positive.    Blackwater  NWR  is  now  coypu  free 
(Fahrenthold 2004).  Monitoring traps set behind the trapping front catch few if 
any  coypu.    But,  if  even  one  pregnant  female  coypu  is  missed,  the  entire 
program could be for naught.  Continuous monitoring using leg hold traps is 
expensive, ties up much needed trappers, and also does little to catch coypu 
that have already eluded the traps at least once.  Indeed, this is one of the 
central problems that the Maryland coypu biologists have identified with their 
eradication plan (Steve Kendrot, personal communication).   
Better methods of monitoring coypu need to be developed if any coypu 
eradication effort larger than that of England is to be completed successfully.  
Meaningful data on animal populations is based on mark recapture studies.  
An animal is caught once, marked, and released at the site of capture.  The 
proportion of marked animals to unmarked animals caught in the next trapping 
period is used to estimate population size.  As the author learned during his 
first field season in the spring of 2003, coypu are incredibly hard to trap alive.  
Live trap success rates of 5%/trap night are considered acceptable (Doncaster 
and Micol 1989).  Once a coypu is trapped, they often never go into another 
trap again.  This makes the initial assessment of an area’s coypu population, 
data  vital  to  determining  a  trapping  operation’s  success,  very  hard  and 
expensive to obtain (Simpson and Swank 1979, Reggiani et al 1995).  These 
difficulties  prompted  members  of  the  USGS  Nutria  Group  to  place 
improvements in lure and trap technology at the top of its ‘client needs’ list.      
 
10   
   
Continuing  in  Gosling’s  tradition  of  learning  about  coypu  while 
destroying  them,  the  two  free  standing  chapters  below  attempt  to  provide 
useful tools for improving coypu lure and trap technology while detailing new 
knowledge  gained  about  coypu  as  living  products  of  evolution.    The  first 
chapter  features  the  partial  characterization  of  compounds  found  in  coypu 
scent  gland.    Knowledge  of  compounds  used  by  coypu  in  chemical 
communication could be very useful in creating lures that enhance trapping 
efficiency  and  specificity.    This  also  has  implications  for  our  basic 
understanding of coypu chemical communication and physiology.  One group 
of  compounds found  in  coypu  scent  gland  is  found  in  a multitude  of  other 
species in an evolutionary pattern described for the first time in this thesis.  
The  second  chapter  details  the  programming  and  implementation  of  a 
computer program that helps a user identify individual coypu from photographs 
using the pattern of white whiskers on the side of a coypu’s face.  This has 
direct applications to obtaining mark recapture data in a way that does not 
involve actually capturing coypu.  As an added bonus, the program will work 
on any animal that has observable whiskers.   
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Figure  4:  A  coypu  “eat-out”  in  Big  Branch  National  Wildlife  Refuge, 
Lacombe LA.  TOP: Healthy marsh can be seen in the foreground and on 
the  horizon.    Paths  beaten  into  the  mud  by  coypu  are  indicated  with 
arrows.  BOTTOM: A coypu leaving the water near another eat-out in Big 
Branch.  Photographs by the author.  
12 
 
   
CHAPTER 1 
PARTIAL CHARACTERIZATION OF COYPU SCENT GLAND COMPOUNDS 
INTRODUCTION 
Scent marking is an important form of social communication in many 
mammals.    Scent  marks  can  be  deposited  urine  (Beynon  and  Hurst  2004, 
Nevison et al 2003, Colins et al 2001, Roberts et al 2001, Young and Henke 
1999,  Sillero-Zubiri  and  Macdonald  1998,  Miller  et  al  1998,  Johnston  et  al 
1997), feces (Buesching and Macdonald 2004, Ding et al 1998, Ben-david et 
al  1998,  Roper  et  al  1993),  secretion-storing  hairs  (“osmetrichia”  of  deer, 
Ajmat et al 1999), or secretions of specialized exocrine glands (Rosell and 
Schulte 2004, Irwin et al 2004, Manaf et al 2003, Arkin et al 2003, Lawson et 
al 2000, Scully et al 2000, Bel et al 1999, Arkin et al 1999, Barling and Shirley 
1999, Atoji et al 1998, Welsch et al 1998, Herrera 1992, Zeller et al 1998, 
Fadem  and  Schwartz  1986,  Gorman  et  al  1984,  Jones  and  Plakke  1981, 
Wellington et al 1979, Smith and Hearn 1979). Mammalian scent marks, no 
matter their source, are invariably complex mixtures of many compounds.  It is 
believed that this complexity is due to the amazing amount of information that 
an individual mammal can gather from a scent mark.  Mammal species use 
compounds in their scent marks to convey individual identity (Hurst et al 2005, 
Thom and Hurst 2004, Woodley and Baum 2004, Johnston 2003, Nevison et 
al 2003, Lawson et al 2000, Wilcox and Johnston 1995, Johnston et al 1995, 
Johnston 1993), kinship (Hurst et al 2005, Johnston 2003, Mateo 2003, Safi 
and Kerth 2003, Dobson and Jouventin 2003, Mayeaux and Johnston 2002, 
Roberts et al 2001, Lawson et al 2000, Sun and Muller-Schwarze 1998, Heth 
et al 1998, Todrank et al 1998, Sun and Muller-Schwarze 1997), reproductive  
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state (Ferkin et al 2004, Wirant and McQuire 2004, Zuri et al 2003), 
territory ownership (Ben-david et al 2005, Begg et al 2005, Rosell and Schulte 
2004, Irwin et al 2004, Rostain et al 2004, Barja et al 2004, Buesching and 
Macdonald 2004, Banack and Grant 2003, Begg et al 2003, Manaf et al 2003, 
Nevison et al 2003, Zub et al 2003, Miller et al 2003, Schultz and Wilson 2002, 
Safi and Kerth 2003, Drea et al 2002, Rosell and Bjorkoyli 2002, Revilla and 
Palomares  2002,  Briscoe  et  al  2002,  Rosell  and  Sundsdal  2001),  infection 
(Zala et al 2004), and even emotional state (Lai and Johnston 2002, Ackerl et 
al 2002). 
Murine rodents, especially laboratory mice, have been the models of 
choice  when  studying  the  chemistry  of  scent  marking  (Beauchamp  and 
Yamazaki 2003).  Few caviomorph rodents have been studied in this regard 
(guinea pigs, Beauchamp 1974).  Coypu, Myocastor coypus, are beaver-like 
caviomorph  rodents  native  to  Patagonian  South  America.    Following 
accidental or intentional release from fur farms in the 1930s, coypu, or nutria 
as  they  are  known  in  their  introduced  range,  now  exist  as  destructive 
wetlands-destroying pests in large feral populations around the world (Carter 
and Leonard 2002).   
Coypu are polygynous and form long lasting social groups in both their 
natural and introduced ranges.  A dominant male controls a marsh territory 
with  multiple  related  females  and  their  offspring.    Other  adult  males  are 
excluded.  Younger males are tolerated by the dominant male until they reach 
maturity (Doncaster and Micol 1989, Dagault and Saboureau 1990).  Within 
this  simple  and  typically  mammalian  social  framework,  coypu  use  two 
documented sources of odorant signals to scent mark. 
  In the first study of free ranging coypu in their native habitat, Guichon et  
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al (2003) observed dominant male coypu urine marking tunnel entrances and 
other  coypu  following  aggressive  interactions.    Other  studies  (Gosling  and 
Wright 1994) have observed coypu scent marking with the anal scent gland 
(ASG) by dragging the area near the base of the tail on the ground or rubbing 
it over grass or other protruding objects.  Coypu tend to ASG-mark before 
entering  water,  after  exiting  water,  and  when  entering  tunnel  entrances  or 
floating nests.  ASG secretion may also contribute to grooming secretions.   
  The ASG is an unpaired sebaceous gland located ventral to the large 
intestine near the anus.  Internally, yellowish secretory lobules empty into a 
central duct that feeds into 4-6 nipple-like openings.  Ensheathed in skeletal 
muscle, the gland’s opening can be rapidly everted through the anus (Figure 
5).  Using data from the landmark Great Britain coypu eradication program in 
the 1970s, Gosling showed that the ASG is sexually dimorphic in size.  Male 
ASGs are 10% larger than female ASGs.  Gosling’s data also showed distinct 
seasonal variation in size of male ASG, but not female ASG.  This seasonal 
variation is not correlated with a defined breeding season.  Coypu breed year 
round in their natural and introduced range.  Gosling found that male ASGs 
are larger in the winter when the marsh grass has receded and male-male 
competition (measured by incidence of fighting scars) is at its peak (Gosling 
and Wright 1994).    
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Figure  5:  Coypu  anal  scent  gland  (ASG).    A:  Ventral  view  of  ASG  in 
relation to other abdominal organs of adult male coypu (6004).  B: ASG 
of juvenile female coypu (6002).  C: ASG of adult female coypu (6013).  D: 
ASG of juvenile male coypu (6017).  E: ASG of adult male coypu (6004).  
F:  ASG  of  juvenile  male  coypu  (6017)  with  ASG  opening  everted  by 
manual  pressure.    B-F,  up  is  ventral.    Scale  bars  =  1  cm.    Coypu  ID 
numbers correspond to those in Table 1. SI = Small intestine.  LI = Large 
Intestine.  Photographs A and F by the author.  B-E by Dave Manns.   
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Taken together, available evidence suggests that the ASG secretion is 
a signal involved in male-male aggressive interactions.  Gosling hypothesized 
that increasing the size of the ASG would allow a male coypu to scent mark 
more.    A  male  who  can  scent  mark  more  would  be  signaling  that  he  was 
healthy enough to expend this extra energy, and was therefore a foe to be 
avoided.    Increased  scent  marking  would  thus  allow  individual  coypu  to 
resolve territorial disputes with less fighting (Gosling and Wright 1994).  For a 
chemical  signal  to  perform  this  role,  it  needs  to  have  two  major  design 
parameters.    First,  it  needs  to  have  compounds  that  are  specific  to  male 
secretions  and  unequivocally  identify  the  sender  as  male.    Second,  the 
secretion should have a component or components that vary in a way that 
identifies  the  sender  as  a  specific  individual.    This  design  parameter  is 
essential to a species that forms long-lasting social groups that depend on 
remembering the outcome of social interactions with specific individuals.  A 
scent mark that says “Male” does not help the receiver make a decision about 
whether to enter a territory.  However, if the scent mark says “Male, my name 
is X,” the receiver can then remember the outcome of his interaction with X 
and whether it is worth the energy to enter X’s territory again (Gosling and 
Roberts 2001).  How the two design parameters are coded is also of interest.  
Using  the  digital/analog  approach  of  Sun  and  Muller-Schwarze  (Sun  and 
Muller-Schwarze  1998),  it  is  possible  to  see  if  a  signal  uses  presence  or 
absence of compounds (digital), varying proportions of compounds (analog), 
or both to code for sex and individuality.    
  Using tissue from individuals killed in control measures, this study used 
GC-MS analysis to decipher the coypu ASG.  The two goals of the present 
study were: 1) to look for the two previously mentioned design features and  
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their coding scheme and 2) to characterize the compounds found in coypu 
ASG.  
METHODS 
  All  tissue  used  in  this  study  was  obtained  from  coypu  killed  by 
employees of the Louisiana Department of Wildlife and Fisheries (LDWF) as 
part of ongoing coypu control measures in the state of Louisiana.  Coypu killed 
were taken from the Atchafalaya National Wildlife Refuge in January, 2004.  
Three male coypu (two adult, one juvenile) and two female coypu (one adult, 
one female) were used in this study (Table 2).  Males with scrotal testes were 
defined as adult.  Females with observable embryos were defined as adult. 
 
Table 1: Age, sex, and mass of coypu used in ASG study.  ID number is 
that assigned by LDWF trappers at time of death.   
ID #  Age Class  Sex  Mass (kg)  Lab ASG Extract Analyzed by 
6004  Adult  Male  6.28  *JM 
6009  Adult  Male  3.22  AA 
6017  Juvenile  Male  1.48  JM 
6013  Adult  Female  4.26  JM 
6002  Juvenile  Female  0.86  JM 
*JM=Jerrold Meinwald group.  AA=Athula Attygalle group. 
Carcasses  were  brought  to  the  field  station  of  the  LDWF  Fur  and 
Refuge  Division  (New  Iberia,  LA)  within  6  hours  of  death.    ASGs  were 
immediately dissected free of surrounding tissue and frozen at -20 
oC until 
they were shipped on ice overnight to Cornell University and stored at -80 
oC.  
After  thawing,  yellow  glandular  tissue  was  dissected  free  of  surrounding 
skeletal muscle and homogenized in an 8 mL glass vial with a microspatula.  
Dissected glandular tissue was refrozen until analysis with GC-MS. 
  ASG tissue was analyzed in two different labs.  First, samples from 2 
male and 2 female coypu were analyzed using coupled GC-MS in the lab of  
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Jerry  Meinwald  at  Cornell  University  (Ithaca,  New  York).    For 
GC-MS, 1.5 mL dissected and homogenized ASG tissue was extracted with 
1mL pentane.    One  µL  aliquots  of extracts  were  analyzed  with  a  Hewlett–
Packard  HP5890A  gas  chromatograph  linked  to  a  Hewlett–Packard  mass-
selective detector (MSD; 70eV EI), using a DB5-MS coated column (30 m x 
0.25 mm, J & W Scientific, Folsom, CA).  Oven temperature was kept at 35 
oC 
for 5 min and raised 5 
oC /min to 275.  Oven temperature was then held at 275 
oC for 20 minutes.   
GC-MS was also carried out in Dr. Athula Attygalle’s lab at Stevens 
Institute  of  Technology  (Hoboken,  New  Jersey).    For  gas  chromatographic 
analysis, 0.5 g dissected and homogenized glandular material of one adult 
male  coypu  was  extracted  with  1  mL  of  dichloromethane  (DCM).    One  µl 
aliquot of the extract was analyzed on a Shimadzu-QP5050 GC-MS installed 
with  a  ZB-FFAP  coated  column  (30  m  x  0.25 mm), and electron-ionization 
(70eV, EI) was obtained. Oven temperature was kept at 40 
oC for 3 min and 
raised 6 
oC/min to 240 
oC. 
For  electrospray  ionization  analysis,  0.5g  glandular  tissue  was 
extracted with 1 mL of dichloromethane and concentrated into 20 µL.  About 
10 µL of the dichloromethane was dissolved in acetonitrile (0.7 mL) and 1.0 % 
aqueous ammonia and analyzed by electrospray-ionization mass spectrometry 
using a VG Quattro I triple quadrupole instrument under positive and negative 
modes. 
To  test  for  UV  reflectance,  dissected  ASG  was  exposed  to  long 
wavelength ultraviolet light and photographed.   
RESULTS 
  From GC-MS analysis of pentane extracted coypu ASG performed in  
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the  Meinwald  lab,  it  was  found  that  there  are  size,  sex,  and  individual 
differences in the compounds made by the ASG.  GCs of pentane extracted 
female ASG (n=2) and male ASG (n=2) show the presence of 1 compound 
with a boiling point near coypu body temperature that increases in abundance 
with body mass (peak A, Figures 6, 7, 8,  and 9).  Peak A was the only peak 
found  in  female  ASG  extract.    GCs  of  pentane  extracted  male  ASG  (n=2) 
show the presence of 15 compounds (labeled in Figures 8 and 9) that occur in 
both samples.  Of these 15 compounds, 2 (peak A and peak B) have boiling 
points  near  coypu  body  temperature.    One  of  these  compounds  is  the 
previously mentioned peak A.  The other compound, peak B, was only found 
in the ASG of the adult male.  The other 13 peaks found in both male ASG 
extracts  have  boiling  points  higher  than  coypu  body  temperature.    The 
abundances of these peaks do not seem to correlate with age or size.  Mass 
spectra from all peaks identified in pentane extracted adult male ASG by the 
Meinwald  lab  unequivocally  identified  one  compound,  (E)-beta-farnesene 
(Peak C, Figures 8 and 9, MS spectra in Figure 10).    
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.     
Figure 6: Gas chromatograph of pentane-extracted juvenile female coypu 
ASG (6002).  
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Figure 7: Gas chromatograph of pentane extracted adult female coypu 
ASG (6013). 
Peak A  
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Figure 8: Gas chromatograph of pentane extracted juvenile male coypu 
ASG (6017). 
Peak A 
Peak C  
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Figure  9:  Gas  chromatograph  of  pentane  extracted  adult  male  coypu 
ASG (6004). 
Peak A 
Peak B 
Peak C  
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Figure 10: TOP: Mass spectra of peak 4 (Figure 8).  BOTTOM: Library 
reference of pure (E)-beta-Farnesene. 
GC-MS of DCM extracted adult male ASG performed in the Attygalle 
lab also found 15 major peaks (Figure 11, Table 2).  MS analysis identified 6 
of the peaks as the long chain fatty acids octanoic acid (peak 3), decanoic acid 
(peak 4), dodecanoic acid (peak 7), myristic acid (peak 9), palmitic acid (peak 
11), and stearic acid (peak 14).  
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Figure 11: Gas chromatograph of DCM extracted adult male coypu ASG 
(6009). 
 
 
 
 
Table  2:  Volatile  compounds  characterized  from  Myocastor  coypus 
glands (peak numbers correspond to the GC shown in Figure 10). 
 
Peak #  Compound 
1  a farnesene derivative 
2  a farnesene derivative 
3  Octanoic acid 
4  decanoic acid 
5  a farnesene derivative 
6  a farnesene derivative 
7  dodecanoic acid 
8  a farnesene derivative 
9  Myristic acid 
10  a farnesene derivative 
11  Palmitic acid 
12  a farnesene derivative 
13  a farnesene derivative 
14  stearic acid 
15  a farnesene derivative 
*  Impurity (phthalate) 
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An ESI mass spectrum recorded using the negative-ion mode  (Figure 
12) confirmed the presence of octanoic acid, decanoic acid, dodecanoic acid, 
myristic acid, palmitic acid, oleic acid, and stearic acid in the DCM-extracted 
ASG.   
 
Figure  12:  ESI  MS  (negative-ion  mode)  of  DCM  extracted  adult  male 
coypu ASG (6009). 
 
A  tandem  MS/MS  examination  of  the  extract  using  the  positive-ion 
mode showed the presence of a series of large molecules that produces the 
ion m/z 203 upon fragmentation.  Figure 13 shows a product ion spectrum 
recorded from m/z 564.  The presence of m/z 203 and m/z 375 ions in this 
spectrum confirm that they are product ions of the larger m/z 564 compound.   
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Figure  13:  Positive–ion  Electrospray  ionization  spectrum  derived  from 
m/z 564 ion.   
 
A  parent  ion  scan  for  the  ion  m/z  203  confirmed  the  presence  of  a 
range of compounds that could produce the ion m/z 203 (Figure 14). 
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Figure  14:  Electrospray  ionization  mass  spectrum  of  DCM  extracted 
adult male coypu ASG (6009) in positive-ion mode.  
 
These results suggest that the remaining peaks in the DCM extracted ASG 
GC are farnesyl derivatives (Table 2).   
  When exposed to long wavelength ultraviolet light (254 nm), the ASG 
secretory tissue fluoresces brightly (Figure 15).  
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Figure 15: Adult male coypu ASG in visible and UV light.  LEFT: Anal 
gland dissected away from rectum and opened along the midline, visible 
light.    RIGHT:  Same  as  in  LEFT,  under  long  wavelength  UV  light.  
Photographs by the author. 
DISCUSSION 
  The  results  of  GC-MS  analysis  carried  out  in  Dr.  Meinwald’s  lab 
revealed  sharp  sex  differences  in  compounds  found  in  pentane-extracted 
ASG.  Female ASGs had little or no compounds present.  The GC of juvenile 
female 6013 (Figure 6) is essentially the GC of an inactive gland.  The GC of 
adult female 6013 (Figure 7) reveals only a slightly more productive gland.  
6013’s GC had one peak, peak A, that was also found in the GCs of both 
males tested (Figures 8 and 9).  Across all four ASGs tested, peak A seems to 
increase in abundance with increasing overall size in an analog fashion.  The 
fact that both females had none to very few nonpolar compounds is evidence 
that helps rule out the alternative hypothesis of a grooming function for the 
ASG.  
Despite  the  paucity  of  compounds  in  female  ASG,  GCs  of  male 
pentane-extracted  ASG  confirmed  the  presence  of 15  compounds  found  in 
both juvenile and adult male ASG (Figures 8 and 9).  Of these compounds, 
two (peak A and B), have boiling points low enough for them to evaporate at 
realistic temperatures encountered by a deposited ASG scent mark.  As vapor  
 
29 
   
phase molecules, they could be perceived by the main olfactory epithelium 
(MOE)  at  a  distance  from  the  secretion  itself.    This  would  be  especially 
interesting for two reasons.  First, peak A increases in abundance with size.  
Second, peak B seems to be adult male-specific.  Concentration of peak A 
could tell the receiver the size of the sender in an analog coding scheme.  
Presence of peak B could tell the receiver that the sender is an adult male in a 
digital coding scheme.     
The other 13 compounds found in male pentane-extracted ASG have 
high enough boiling points that it is unlikely they ever dissipate in sufficient 
quantity to act as volatile odorants.  This rules them out as possible odorants 
capable of being perceived by the MOE.  If they are perceived at all, it is more 
likely  the  nonvolatile  compounds  are  perceived  by  the  vomeronasal  organ 
(VNO),  a  “second  nose”  specialized  for  the  detection  of  heavier  molecules 
(Takami  2002).    It  is  interesting  that  these  nonvolatile  compounds  are 
precisely where most of the variability between the pentane-extracted male 
ASG GCs is located.  The differences in the nonvolatile part of the male ASG 
GCs are consistent with differences seen in other scent gland secretions that 
code for individuality using an analog scheme (Zhang et al 2003, Zhang et al 
2002).    
Specifics of the kinds of compounds that actually form the ASG scent 
mark were provided by data from the Attygalle lab.  Dr. Attygalle’s GC-MS 
analysis  of  a  DCM-extracted  adult  male  ASG  independently  confirmed  the 
presence of 15 major peaks in male coypu ASG.  It should be noted that this 
result was obtained using a different nonpolar solvent (DCM vs. pentane) and 
a faster GC temperature program.  Further MS analysis identified 6 of the 15 
peaks  as  common  fatty  acids  of  known  structure  (Figure  16).    Far  more  
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surprising  is  that  both  labs  confirmed  the  presence  of  the  sesquiterpene 
farnesene  (Figures  10,  13,  and  14).    Dr.  Attygalle’s  tandem  MS/MS  data 
shows  the  presence  of  larger  compounds  that  fragment  into  farnesene 
(molecular weight of 203) when ionized (Figures 13 and 14).  That the ASG 
secretory tissue fluoresces in ultraviolet light (Figure 15) suggests that these 
larger structures may contain conjugated double bonds or rings.   
  Farnesene  (Figure  16)  is  best  known  as  a  compound  emitted  by 
wounded plants following herbivore attack (Scutareanu et al 2003, Arimura et 
al 2004, Vuorinen et al 2004).  (E)-beta-farnesene is also well known as an 
alarm  pheromone  used  by  many  species  of  aphids  (Xiangyu  et  al  2002).  
Alpha  farnesene  and  (E)-beta-farnesene  are  important  trail  following 
pheromones of ants and termites (Attygalle and Morgan 1985, Quintana et al 
2003).    (E)-beta-farnesene  has  even  been  found  as  part  of  the  defensive 
secretions of marine gorgonians (Gavagnin et al 2003).  Perhaps less well 
known  is  the  role  farnesene  isomers  play  in  vertebrate  olfactory 
communication.    Alligator  species  make  (E)-beta-farnesene  in  their 
paracloacal  gland  (Schulz  et  al  2003).  Springbok  make  farnesene  in  their 
dorsal scent gland (Burger et al 1978). Then there are mice.  
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Figure  16:  Characterized  compounds  found  in  coypu  ASG.    A:  Fatty 
acids  found  in  coypu  ASG.    B:  Possible  isomers  of  farnesene.  (E)-β-
farnesene is the isomer identified in coypu ASG.   
  Mice  use  urine  as  a  solvent  carrier  for  their  chemical  signals.    The 
preputial glands of male mice make (E)-beta-farnesene and alpha farnesene  
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that is added to urine as it leaves the bladder.  When compared to subordinate 
male mice, larger male mice make more farnesenes.  Synthesis of the two 
farnesenes is under gonadal androgen control; castrated mice do not make 
farnesenes.  Both farnesene isomers have measurable effects on the behavior 
of both sexes.  Male mice prefer not to mark on a surface containing natural or 
synthetic  farnesene  of  either  isomer.    Female  mice  are  attracted  to  both 
isomers  of  farnesene.    Female  mice  come  to  estrus  sooner  after  smelling 
farnesene (Jemiolo et al 1991).       
There are intriguing parallels between the mouse farnesene story and 
production  of  farnesenes  in  coypu.    First,  more  farnesene  (the  (E)-beta- 
isomer  in  coypu,  peak  D,  Figures  8  and  9)  was  found  in  the  larger  male.  
Female coypu do not make farnesenes.  Male coypu make farnesene using a 
sexually dimorphic gland that increases in size with increased male fighting 
behavior.  This suggests that coypu farnesene synthesis is also under gonadal 
androgen control.   
Gonadal  androgen  control  of  farnesene  synthesis  is  emerging  as  a 
common theme in vertebrate farnesene biosynthesis.  While mice and coypu 
males make farnesene, only immature or female alligators produce (E)-beta-
farnesene.  This suggests that androgen control can work both ways in an 
evolutionary sense.  As the first volatile precursor on the steroid biosynthetic 
pathway (Figure 17), farnesene would make a unique volatile indicator of an 
individual’s steroid richness.  If an individual has enough steroid (testosterone 
in  males,  for  example),  the  steroid  itself  could  induce  the  synthesis  of 
farnesene.    Farnesene  would  build  up  at  a  level  indicative  of  steroid 
concentration,  functioning  as  an  honest  signal  of  an  individual’s  steroid 
richness.     
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It  should  also  be  noted  that  apparent  gonadal  androgen  control  of 
farnesene synthesis is evidence that supports a de novo synthesis hypothesis 
for the origin of farnesene.  It also helps rule out two other hypotheses for the 
source of farnesene in coypu ASG (and mouse preputial glands).  Farnesene 
could be accumulated from plants in the diet.  It is highly unlikely that lab mice, 
eating a pelleted lab diet, could accumulate farnesene from their diet.  Even if 
farnesene  was  accumulated  rather  than  synthesized,  the  obvious  sex 
differences  in  its  distribution  in  mice  and  coypu  and  castration  effects  on 
farnesene synthesis in mice would still point to a gonadal androgen controlled 
accumulation.    Farnesene  could  also  be  produced  by  symbiotic 
microorganisms living in farnesene-secreting glands.  While this is certainly 
possible, it is highly unlikely due to the fact that sesquiterpenes are known to 
have potent antimicrobial properties (Gudzic et al 2002).  It is also unlikely that 
laboratory mice would be able to maintain cultures of such microorganisms for 
the length of their domestication.   
Whether or not farnesene has measurable effects on coypu behavior 
will soon be known. Experiments designed to test hypotheses concerning the 
behavioral role or roles of farnesene in coypu chemical signaling are currently  
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Figure 17: Hypothetical model of steroid control of mammalian farnesene 
synthesis. 
 
being carried out by USDA scientists in cooperation with the author.  Captive 
coypu of known sex and mass will be exposed to natural and synthetic ASG 
secretion in large Y-mazes.  Time spent sniffing experimental secretion versus 
control solvent or water will be measured.  I predict that male coypu will spend 
less time sniffing natural ASG secretion from dominant males and synthetic 
ASG secretion that contains farnesenes.  I also predict that females will spend 
more time sniffing these same experimental samples.      
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Results of the present study support the hypothesis that coypu ASG 
secretion is a chemical signal used in aggressive interactions between male 
coypu.  From a signal design perspective, male coypu ASG seems to be an 
olfactory  graffiti  of  sorts.    The  signaling  coypu  leaves  a  scent  mark  and 
resumes the patrolling of his territory.  Any receiving coypu wandering nearby 
can use its MOE to tell the sender’s size and sex using a mixed analog (peak 
A) and digital (peak B) coding scheme.  If interested, the receiving coypu can 
get closer and use its VNO to tell who left the scent mark using nonvolatile 
compounds that specify individuality using an analog scheme.   
Analytical  data  from  the  Attygalle  group’s  analysis  confirms  the 
presence  of  fatty  acids  of  known  structure.    Data  from  the  Attygalle  and 
Meinwald  labs  independently  confirm  the  presence  of  the  sesquiterpene 
farnesene.  Farnesene was found only in the large male coypu ASG tested.  
This is identical to the distribution of farnesene in mice, suggesting a similar 
role for farnesene in both rodent species.  The discovery of farnesene in the 
ASG of male coypu helps support the hypothesis that farnesene is a volatile 
indicator of steroid richness.   
Experiments  to  determine  the  role  of  farnesenes  in  coypu  chemical 
signaling are underway.  These experiments will help answer basic questions 
about the evolution of olfactory signaling in rodents.  It is also possible that 
knowledge  of  ASG  compounds  and  their  role  in  coypu  chemical  signaling 
could be used to develop coypu-specific attractants that would be useful in 
controlling  coypu  numbers  while  harming  fewer  nontarget  species.  
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CHAPTER 2 
A NEW TECHNIQUE FOR COMPUTER-AIDED PHOTOGRAPHIC 
IDENITIFICATION OF INDIVIDUAL COYPU (Myocastor coypus) 
 
INTRODUCTION 
  Identifying individual members of a population is a necessary first step 
of many methods in animal field biology.  Long term studies of animal social 
behavior, like those of chimpanzees, gorillas, and other social animals, require 
that  individuals  be  reliably  identified  (Charif  et  al  2005,  Payne  et  al  2003, 
Whiten et al 1999, Stanford et al 1994, Sapolsky 1982, Fossey 1982, Fossey 
1974).    Studies  of  reproductive  cycles,  migration,  dispersal,  predation,  and 
other population parameters require that individual animals be identified and 
tracked  (Porcher  2005,  Hake  et  al  2003,  Berthold  et  al  1997,  Henry  et  al 
2005).  Data from individuals can then be used in models to better estimate 
the  behavior  of  populations.    This  kind  of  data  is  crucial  when  forming 
hypotheses  about  the  evolution  of  populations  and  essential  when  making 
decisions  that  affect  such  broad  themes  as  conservation  and  pest 
management  (Bowler  and  Benton  2005).    The  importance  of  data  from 
individual animals in a population has led to the development of many practical 
methods of individual identification.  Although there are many different ways to 
determine  individuality,  the  limitations  of  human  sensory  abilities  and  the 
variablitity of field conditions have forced most methods to involve some kind 
of  capture  and  marking  followed  by  subsequent  observation  or  recapture.     
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  Mark-recapture methods take many forms.  Fish are tagged in the tail 
(Russell  and  McDougall  2005),  ungulates  are  tagged  through  the  ear 
(Swenson et al 1999), birds are banded around the leg (Regehr and Rodway, 
2003), and carnivores are often radio collared around the neck (Tuyttens et al 
2002).    Almost  all  mark-recapture  methods  involve  a  period  of  physical 
restraint (sometimes with anesthesia) followed by the application of a pigment 
dye, or a tag inserted through or otherwise attached to skin, or a transmitter 
device latched to the neck or other unchewable body part.  The advantages of 
physically marking an individual are obvious: a researcher need only look up 
the tag, band, mark, or radio frequency in a preconstructed index to see what 
individual  is  being  observed  or  has  been  caught.    There  is  little  ambiguity 
about the identity of a bird with a ring band, or a moose with a yellow ear tag.  
The disadvantages of physically marking an animal are not only obvious, they 
may be painful as well.  Many animals have measurable physiological stress 
reactions to being restrained.  Marking and recapture are assumed to have a 
similar negative impact on individual animals (Close et al 2003, Perret and 
Joly 2002, Makinen et al 2000).   
  This  says  nothing  of  animals  that  are  too  large,  too  physically 
dangerous, or too wary of being physically caught.  These animals have forced 
biologists  who  study  them  to  come  up  with  creative  ways  of  identifying 
individuals  without  physically  restraining  them.    Animals  that  produce 
individually  unique  vocalizations  can  be  monitored  with  audio  recording 
equipment.  In this case, a ‘marked’ individual is one that has had a distinct 
vocalization recorded and separated from the same kind of vocalizations of 
other individuals.  This individual is recaptured when the same call is recorded  
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and matched to that individual.  Cetaceans of several species (Barlow and 
Taylor 2005, Boisseau 2005, Watkins et al 2004, Burtenshaw et al 2004) are 
tracked across oceans by recording the courtship songs of male individuals.   
      Whales are also good examples of a second kind of ‘capture’ that does not 
involve physical contact with individual animals.  Humpback whales have white 
pigmented  areas  on  the  ventral  surface  of  their  flukes.    These  areas  form 
patterns that are unique to individual humpbacks.  Whale biologists note their 
own  current  location  and  take  photographs  of  these  tail  patterns  when  the 
humpbacks breach or slap the water with their tails.  Entire catalogues of tail 
patterns are built up from many whale sightings and correlated with location.  
Individual humpbacks can then be matched to a sighting using the pattern of 
white pigmented areas on the tail and followed across long distances (Smith et 
al 1999, Friday et al 2000).  
  Since  the  advent  of  inexpensive  digital  cameras  and  photograph 
scanners, the tail pattern catalogues have been converted to digital format.  
This has allowed some whale biologists to use computer programs to rapidly 
sort  through  massive  catalogs  quickly  (Khetarnavaz  et  al  200315).    Using 
individually unique patterns of spots, cheetahs have also been the subject of 
computer-aided photographic identification (Kelly 2001).  This report details 
the development of a computer-aided photographic identification method for 
an invasive hystricomorph rodent, the coypu (Myocastor coypus).   
  Coypu are large, herbivorous, beaver-like rodents originally native to 
the  wetlands  of  Southern  South  America.    In  the  1930s,  coypu  were 
introduced to many places around the world for fur farming.  Coypu eventually 
escaped or were released from fur farms.  Feral populations were kept under 
control  by  commercial  trappers  until  the  fur  market  collapsed  in  the  1980s  
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(Carter  and  Leonard  2002).    Since  then,  coypu  have  spread  beyond  their 
introduced  range.    This  spread  has  been  accompanied  by  the  large  scale 
destruction of fragile coastal wetlands by foraging coypu.  Efforts to control or 
even eradicate coypu have been hampered by a lack of reliable population 
estimates.  Coypu population estimates are hard to estimate because coypu 
are  incredibly  hard  to  mark  and  recapture.    Coypu  often  will  not  enter  live 
traps.  When they are trapped once, they often will never enter the same kind 
of trap again (Lowery 1974).  In order to develop a way to mark-recapture 
coypu  without  physically  restraining  them,  I  began  to  look  for  naturally 
occurring, visually observable differences between individual coypu.   
  With the exception of the brilliantly white fur and facial whiskers around 
the mouth, coypu are a drab brown (Figure 18).  Several of the large, stiff, 
white, facial whiskers are used for navigation in the dark and when underwater 
(Lowery 1974).  I hypothesized that the insertion pattern of those whiskers into 
the  surrounding  brown  fur  was  unique  to  individual  coypu.    To  test  this 
hypothesis, I wrote a computer program that allows a user to mark the point of 
insertion of each white facial whisker on a digital photograph of a coypu face.  
The  program  then  computes  an  individual-specific  ‘ID’  number  using  the 
relative  distances  between  each  whisker.    The  program  was  tested  on 
photographs and captured video frames of a group of captive coypu.     
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Figure 18: The face of an adult male coypu.  Note the white fur around 
the mouth and the large easily observed white whiskers projecting from 
the side of the face.  Photograph by the author. 
METHODS 
  Eighteen individual coypu were held in groups of three in concrete pens 
at the field station of the LDWF Fur and Refuge Division (New Iberia, LA) for 
12 hours before being killed as part of ongoing coypu control operations in 
Louisiana.  Still photographs of coypu were taken with a Minolta Dimage Z1 
3.2  megapixel  digital  camera  with  10X  optical  zoom.    Video  of  coypu  was 
taken with a Sony Hi8 Handycam video camera (model # CCD-TRV318) with 
20X optical zoom.  Analog video was converted to digital video using a Dazzle 
DVC80 video capture device.  Individual frames of video were taken using the 
frame grabber utility in Microsoft MovieMaker v2.0.    
  Pens with coypu were numbered 1 through 6.  I went to each pen 5 
times every 30 minutes and took pictures of a random coypu.  Every fifth time, 
I took 30 seconds of video of a random individual and captured the best frame 
from that 30 seconds.  Of the 30 pictures, 23 were in focus and had clearly  
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visible  individual  white  whiskers.    These  23  pictures  were  analyzed  using 
Whisker2 and WhiskerView, two programs I wrote for this purpose.   
  Whisker2 allows a user to mark individual whisker insertion points in a 
figure window.  Once all the whisker insertion points are marked, the program 
sorts the coordinates on the x axis and finds the coordinates of the whisker 
insertion  points  that  form  the  vertices  of  a  polygon  that  encloses  all  other 
whisker insertion points (smallest area polygon).  Whisker2 also sequentially 
finds the distance from the lowest x value whisker insertion point (Xi) to the 
next  highest  whisker  insertion  point  and  adds  all  these  distances  together.  
Whisker2 divides this sum by the distance from the smallest x value whisker 
insertion to the largest x value whisker insertion point (Xn) to get an individual 
specific ID number:    
 
. 
The program then plots the smallest area polygon as a red shape and plots 
the whisker coordinates in an output window with a white line connecting the 
whisker insertion point with the lowest x value to the whisker insertion point 
with the next highest x value over the red shape (Figure 19).   
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Figure  19:  Output  of  Whisker2.    TOP:  Whisker  insertion  points  are 
marked  in  blue.    BOTTOM:  Smallest  area  polygon  is  in  red.    Sorted 
whisker insertion points are marked with white dots and connected with 
a  white  line.    The  text  field  between  the  ‘Quit’  and  ‘Write’  buttons 
contains the name of the file being analyzed, the number of whiskers, 
and the number of smallest area polygon vertices.   
  Whisker2  was  used  by  three  different  operators  to  mark  whisker 
insertion  points  on  all  23  pictures.    Operators  had  been  trained  for 
approximately an hour before analyzing photographs.  Output windows were  
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exported to JPEG images for later sorting with WhiskerView.  This resulted in 
three whisker insertion plots per photograph.    
  WhiskerView allows a user to load a target image previously created in 
Whisker2
1.    The  target  image  is  compared  to  all  other  plots  of  whisker 
insertion points by sequencing through exported output image JPEGs until a 
match was found.      
RESULTS 
  All  three Whisker2  operators  obtained  identical  numbers  of  whiskers 
and number of smallest area polygon vertices for each photograph or captured 
video  frame  analyzed.    Numbers  values  of  ID  never  varied  more  than  0.7 
between  operators.    Of  18  coypu  photographed  and  identified,  none  had 
identical  combinations  of  the  three  parameters  output  by  Whisker2.    The 
operators also assigned the same photographs to the same individuals using 
WhiskerView.  Of the 23 pictures taken, 15 individuals were represented by 
one  photograph.    Two  individuals  were  represented  in  2  pictures.    One 
individual  was  represented  by  4  photographs.    Figure  20  (following  pages) 
shows  representative  photographs  and  matched  output  windows  for  3 
individuals.  Table 3 shows all data for all photographs and captured video 
frames analyzed.   
 
 
 
 
 
                                                 
1 Instructions and documentation for both programs can be found in Appendix 
II  
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Figure 20: (Pages 44-45) Example photographs and matched Whisker2 
output windows. ID values have been added over each output window.  
A:  Captured  video  frame  of  adult  coypu  1  with  output  windows  from 
three  operators.    B:  Still  photograph  of  adult  coypu  2  with  output 
windows from three operators. C: Still photographs of adult coypu 12 
with output windows for each photograph from each operator.    
A
B 
  ID = 3.9274             ID = 4.3692             ID = 4.123 
ID = 3.2057             ID = 3.1673            ID = 3.2028  
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Figure 20 (Continued) 
 
 
 
 
 
 
 
 
 
 
C 
ID = 3.7648             ID = 3.8515            ID = 4.1086 
ID = 3.8854             ID = 3.8658            ID = 3.8658  
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Table 3: All data for each individual coypu and matched Whisker2 output 
data 
Ph
oto 
# 
Coypu 
# 
Filename  Photo 
or 
Video 
Frame
? 
Whisker 
# 
Smallest 
Area 
Polygon 
Vertices 
# 
ID  
1  1  Adult.jpg  Frame   13   6   3.9274  
1  1   Adult.jpg   Frame  13   6   4.3692 
1  1   Adult.jpg   Frame  13   6   4.123 
2  2  juvy1.jpg  Frame   12   9   5.6854  
2  2   Juvy1.jpg  Frame   12   9   5.5339 
2  2   Juvy1.jpg  Frame   12   9   5.8772 
3  3  Juvy B1.jpg  Frame   14   7   3.033  
3  3   Juvy B1.jpg  Frame   14   7   3.3134 
3  3   Juvy B1.jpg  Frame   14   7   3.0369 
4  4  JuvyA2.jpg  Frame   10   5   2.1081  
4  4   JuvyA2.jpg  Frame   10   5   1.9947 
4  4   JuvyA2.jpg  Frame   10   5   1.9011 
5  5  LiveHead.JPG  Photo   15   7   3.2057  
5  5  LiveHead.JPG  Photo   15   7   3.1673 
5  5   LiveHead.JPG  Photo   15   7   3.2028 
6  6  PICT2250.JPG  Photo   16   9   4.2986  
6  6   PICT2250.JPG  Photo   16   9   4.3117 
6  6   PICT2250.JPG  Photo   16   9   4.1599 
7  7  PICT2256.JPG  Photo   10   5   2.9337  
7  7   PICT2256.JPG  Photo   10   5   2.6674 
7  7   PICT2256.JPG  Photo   10   5   2.742 
8  8  PICT2257.JPG  Photo   18   7   4.7575  
8  8   PICT2257.JPG  Photo   18   7   5.0731 
8  8   PICT2257.JPG  Photo   18   7   4.9134 
9  9  PICT2258.JPG  Photo   16   7   2.5199  
9  9   PICT2258.JPG  Photo   16   7   2.6465 
9  9   PICT2258.JPG  Photo   16   7   2.5342 
10  9  PICT2295.JPG  Photo   16   7   2.6242 
10  9    PICT2295.JPG  Photo   16   7   2.6865 
10  9    PICT2295.JPG  Photo   16   7   2.4999 
11  10  PICT2262.JPG  Photo   17   7   4.521 
11  10    PICT2262.JPG  Photo   17   7   4.47 
11  10    PICT2262.JPG  Photo   17   7   4.197 
12  11  PICT2264.JPG  Photo   12   8   4.1203 
12  11    PICT2264.JPG  Photo   12   8   4.1927 
12  11    PICT2264.JPG  Photo   12   8   4.0213 
13  12  PICT2246.JPG  Photo   16   6   3.7648   
 
47 
   
Table 3 (Continued) 
 
13  12    PICT2246.JPG  Photo   16   6   3.8515 
13  12    PICT2246.JPG  Photo   16   6   4.1086 
14  12  PICT2267.JPG  Photo   16   6   3.8854 
14  12    PICT2267.JPG  Photo   16   6   3.8658 
14  12    PICT2267.JPG  Photo   16   6   3.8658 
15  13  PICT2269.JPG  Photo   14   8   2.7315 
15  13    PICT2269.JPG  Photo   14   8   3.38 
15  13    PICT2269.JPG  Photo   14   8   2.8979 
16  14    PICT2272.JPG  Photo   15   7   3.8029 
16  14   PICT2272.JPG  Photo  15  7  3.0239 
16  14    PICT2272.JPG  Photo   15   7   3.4566 
17  15    PICT2276.JPG  Photo   15   7   8.0026  
17  15    PICT2276.JPG  Photo   15   7   8.2527 
17  15    PICT2276.JPG  Photo   15   7   8.2357 
18  16    PICT2279.JPG  Photo   13   7   4.6816  
18  16    PICT2279.JPG  Photo   13   7   4.5085 
18  16    PICT2279.JPG  Photo   13   7   3.7959 
19  16    PICT2289.JPG  Photo   13   7   5.0352 
19  16    PICT2289.JPG  Photo   13   7   4.5768  
19  16    PICT2289.JPG  Photo   13   7   4.6807 
20  16    PICT2299.JPG  Photo   13   7   4.7353 
20  16    PICT2299.JPG  Photo   13   7   4.9644 
20  16    PICT2299.JPG  Photo   13   7   5.4089 
21  16    PICT2303.JPG  Photo   13   7   4.9422 
21  16    PICT2303.JPG  Photo   13   7   4.9745 
21  16    PICT2303.JPG  Photo   13   7   5.0545 
22  17    PICT2302.JPG  Photo   13   6   3.4778  
22  17    PICT2302.JPG  Photo   13   6   2.8617 
22  17    PICT2302.JPG  Photo   13   6   3.2731 
23  18    PICT2308.JPG  Photo   12   7   2.8668  
23  18    PICT2308.JPG  Photo   12   7   2.8678 
23  18    PICT2308.JPG  Photo   12   7   2.7951 
DISCUSSION 
  Data  from  this  study  supports  the  hypothesis  that  whisker  insertion 
pattern  uniquely  identifies  individual  coypu.    Three  independent  operators 
were able to reliably determine the same number of whiskers and the same 
number  of  smallest  area  polygon  vertices.    ID  number  varied  somewhat 
between photographs matched to the same individual (Table 3).  Despite the  
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decrease in resolution, captured video frames were as easily identified as still 
photographs.    As  shown  in  the  example  photographs  and  output  windows 
(Figure 20), the differences in whisker insertion pattern between individuals 
are obvious when compared side by side.      
  This  is  the  real  strength  of  the  whisker  insertion  pattern  approach: 
matching marked individuals to previously made output windows is intuitive 
and extremely simple.  There is no complicated discriminant function analysis 
or principle components analysis to separate individuals.  A sample whisker 
insertion pattern either has the right number of whiskers, the right number of 
smallest area polygon vertices, a similar ID value, and looks the same or it 
does not.  The price for this simplicity must be paid for in consistency and 
image  quality.    The  matching  process  is  very  sensitive  to  the  presence  or 
absence of one whisker.  This is somewhat offset by the computed ID value, 
which is actually a measure of relative whisker spread and is independent of 
whisker number.  To enhance consistency, Whisker2 has features that help 
the operator reliably identify whiskers.  An operator can zoom in on whiskers 
and  get  a  false  color  version  of  the  image  that  enhances  white  elements.  
Selecting what images to analyze is also an important factor in consistency of 
identification.    Images  that  are  out  of  focus,  blurred,  or  otherwise  deficient 
should not be used.  Note that this does not preclude the use of captured 
video frames.  There are often moments in a video clip when an individual 
coypu is perfectly still.  These moments, when captured to digital format, are 
just as reliable for whisker insertion pattern matching as a mid-resolution still 
photograph.  It is often easier to scan through video and find a better image of 
an individual’s whiskers than it is to take multiple poor quality still pictures of a 
fleeing coypu.    
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  One way to avoid actually chasing down a coypu is to combine whisker 
insertion pattern matching with the recently developed technique of camera 
‘trapping.’  Camera  trapping  uses  cameras  outfitted  with  laser  or  infrared 
triggers to automatically take photographs when an animal passes through the 
trigger beam (Wacher and Attum 2005, Hegglin et al 2004, Wegge et al 2004).  
This  would  involve  stationing  a  camera  near  a  tunnel  entrance  or  floating 
platform that coypu frequent.  Photographs would be taken automatically when 
coypu  crossed  the  infrared  or  laser  beam  and  analyzed  offline.    Biologists 
would then be able to identify individual coypu over a long period of time in a 
completely noninvasive way.  Armed with such a tool, coypu could finally be 
counted without the massive effort currently spent on mark-recapture studies.  
This would lead directly to better estimates of population size, a parameter 
crucial  to  measuring  the  success  of  control  operations.    Plans  to  develop 
camera  traps  that  use  Whisker2  as  an  identification  method  are  currently 
being  developed  for  the  Maryland  Nutria  Project’s  eradication  effort.    The 
project is killing many coypu with traps and poison.  However, it is difficult and 
time consuming to monitor trapped areas for any remaining coypu.  By using 
camera traps and Whisker2, Maryland Nutria Project employees will only need 
to periodically check the cameras rather than constantly monitoring dangerous 
traps and poisons.  This will allow more manpower to be directed at trapping 
out areas that are still infested with coypu.   
  Whisker insertion pattern as a photographic identification tool may also 
have application to other animal species.  Other rodents, seals, and sea otters 
have observable whiskers that have high contrast with background fur or skin.  
It  is  highly  likely  that  these  species  also  have  individually  unique  whisker 
insertion patterns.   
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APPENDIX I: Whisker2 and WhiskerView Documentation 
 
A: How to Use Whisker2 and WhiskerView 
1.  Whisker2 and WhiskerView will only work in MATLAB Release 14.  The 
function ‘moveplot’ (provided with the Whisker2 and WhiskerView M files) is 
also needed for Whisker2 to work.     
2. Put all pictures to be analyzed in MATLAB’s ‘work’ folder.  Only JPG images 
can be used.  There are many free conversion utilities on the web that will 
convert TIF, GIF, and other picture formats to JPG. 
3. Click on           to start.     
4. Load                    into MATLAB’s M file editor.   
5. To start Whisker2, press       , or F5. 
6. The Whisker2 main window looks like this: 
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7. Press             .  The screen should now look like this: 
 
8. After the file is finished loading, the screen should then look like this: 
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10.  There are several options available to help identify whiskers.   
- First the user can zoom in or out.  Go to ‘Tools’ on the menubar and click on 
‘Zoom in.’ Once the Zoom in tool is selected, click where you want to zoom in. 
 
 
 
 
 
 
- There are three buttons on the left hand side of the main window: 
 
Examples of the results of each button are shown below: 
‘False’: Areas that are white in a true color image become bright red. 
 
‘Gray’: Removes all color.  
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‘True’ returns the picture to its original color. 
 
11. Pressing the              button clears the current picture and resets all 
buttons and data.   
12.  Use the mouse to click on whiskers.  A blue asterisk is left on the whisker.  
The following example is zoomed in.  Note that the text fields now display the 
number of whiskers marked (to the left, bottom) and the coordinates of the 
marked  whiskers  (bottom).    It  is  possible  to  switch  between  different  color 
styles and still have the same whiskers marked.  This is a good way to check a 
whisker that was just marked.  Only mark whiskers that are distinct and show 
up in multiple pictures of the same animal.      
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13.  When done marking whiskers, press the           button.  A new window 
should pop up next to the old one. 
 
 
 
 
 
 
 
 
 
 
 
  
 
55 
   
14.  The new window can also zoom in.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
15.  This window displays the whisker points as white balls connected by a 
line.    Whiskers  are  ordered  from  smallest  x  coordinate  to  largest.    A  line 
connects them in that order.  This makes a pattern that is easier to see than 
random white balls.   
 
16. It is possible to move the white balls if the user is not satisfied with their 
location.  Click on a ball and drag it with the mouse.  The red shape behind the 
whisker points is the smallest area that contains all the marked whiskers.  The 
text field at the bottom of the window displays the filename of the picture, the 
number of whiskers, and the number of whiskers that make up the vertices of 
the smallest-area polygon.   
 
17. Another number is computed from the whisker data but not displayed in 
the window.  Whisker2 takes the coordinates, ordered by their x value, and 
calculates  the  distance  from  one  point  to  the  next.    It  then  adds  those  
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distances up.  Whisker 2 also calculates the distance from the whisker point 
with  the  smallest  x  coordinate  to  the  whisker  point  with  the  largest  x 
coordinate.  It takes the sum of all inter-whisker distances and divides it by the 
distance  from  the  smallest  coordinate  to  the  largest  to  get  an  individual-
specific ‘ID’ number.   
 
18.  If the user clicks on the ‘Write’ button, the image filename, number of 
whiskers, number of smallest-area vertices, and ID number are saved to a text 
file named WhiskerDat.txt.  This file is saved in MATLAB’s ‘work’ directory.  
The entire file can be saved as a MATLAB figure with extension ‘.fig’.  Figures 
can be exported as JPGs that can be opened with WhiskerView. 
 
19. Once a large catalogue of whisker prints is built up, it is convenient to have 
a way to rapidly check one print against others.  WhiskerView is designed to 
do this by allowing the user to load a target picture into one part of a window 
and scroll through marked images in another part of the same window. 
 
20.  Follow steps 1-3 to start MATLAB. Load                      into MATLAB’s M 
file editor.   
21. To start WhiskerView, press       , or F5. 
22.  The WhiskerView window looks like this: 
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23.  To load a target picture, type its filename (with JPG extension) into the 
target text field (bottom).   
 
22. Click           .  Use the                       buttons to move through pictures on 
the left side of the window.  The window should look like the one below: 
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23.  The window shown above is not a match.  Keep cycling through pictures 
until a picture matches up with the target like the one shown on the next page 
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B: HOW WHISKER2 AND WHISKERVIEW WORK  
  Whisker2  and  WhiskerView  were  written  in  MATLAB,  Release  14.  
MATLAB is a popular programming language used predominantly by scientists 
and engineers.  MATLAB is a straightforward language that is easily learned, 
even by programming novices.  MATLAB’s useful built-in functions allow the 
beginning  programmer  to  focus  on  problem  solving  and  not  the  arcana  of 
getting  started  commonly  found  in  other  programming  languages.    What 
follows is as much a brief tutorial in MATLAB programming as it is a dissection 
of  a  MATLAB  program.    Non-programming  users  of  Whisker2  and 
WhiskerView who are interested in making useful changes to the program can 
use the following information to make those changes in an intelligent way.         
  MATLAB saves program code as “M files” with the extension “.m”.  For 
the  following  explanation  to  be  useful,  the  reader  should  consult  the 
introductory  book  that  comes  with  MATLAB  or  some  other  MATLAB 
programming reference
2 to learn how to load an M file and how to run an M file 
within MATLAB.  It is also a good idea to learn how to assign variables in 
MATLAB before reading further.   
1. WHISKER2: BUILDING THE GUI 
  The  first  65  lines  of  code  in  Whisker2.m  build  the  Graphical  User 
Interface (GUI).  All users of modern computers are familiar with using GUIs, 
even  if  they’ve  never  heard  the  term.    In  MATLAB,  GUIs  are  figures 
(essentially backgrounds) with push buttons and other things (sliders, radio 
buttons, etc) the user can interact with to get an observable outcome.  The 
                                                 
2 The corporation that makes MATLAB, The Mathworks, maintains an infinitely 
useful website devoted to MATLAB: www.themathworks.com.  Do a search for 
“Getting Started” to get step-by-step instructions from the people who actually 
made MATLAB.   
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results of these interactions either change the figure in some way (like turning 
on  context  dependent  buttons)  or  display  data  in  axes.    The  complete 
Whisker2 GUI is shown above in the section titled How to Use Whisker2 and 
WhiskerView.   
1.1 The Figure Window 
The following lines of code build the figure window: 
 
PrimPlot=figure('NumberTitle','off',... 
'Name','Whisker 2',... 
'position',[10 200 585 450]); 
Notice the use of ellipses to break up a continuous line of code into shorter 
segments.  All lines of code need to end in a semicolon, unless the user wants 
a result displayed at the command line.  This line makes PrimPlot a figure with 
certain properties.  The properties can be listed in any order, as long as they 
are formatted properly.  The first property is NumberTitle.  If MATLAB makes a 
figure, it numbers it in the upper left hand part of the title bar.  If a program is 
run 8 times, each window will get a particularly annoying number from 1 to 8.  
By setting this property to ‘off,’ the figure window remains number-free.  The 
next property is the name of the figure.  It is set to Whisker 2.  The last line 
sets the position and dimensions of the figure.  MATLAB uses the following 
format for setting dimensions: 
 
[Distance to left border  Distance to bottom border  width  height]. 
If a user runs the first line of code, they would get the following empty figure: 
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Where Whisker2 starts on the screen can easily be changed by manipulating 
the ‘position’ term in the first line of code.  The next two lines of code set up 
some important parameters that will be used by the rest of the program: 
 
set(gcf,'doublebuffer','on') 
scrsize=get(gcf,'position'); 
The ‘set’ function is one of the most important MATLAB functions used to build 
GUIs.  Set changes figure properties using the following format: 
 
      set(figure,’property name’, ‘property value’) 
the ‘gcf’ function means Get Current Figure.  The current figure is the one 
previously made in the first line of code, the figure the GUI is built in.  This line 
is setting the current figures ‘doublebuffer’ to ‘on.’  Turning the double buffer 
on increases the amount of memory MATLAB allots to the figure.  This helps  
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make graphics-intensive programs like Whisker2 run without noticeable jumps 
when the screen redraws.  The second line uses the ‘get’ function to Get the 
Current Figure’s position values and set them equal to the variable ‘scrsize.’ 
The matrix ‘scrsize’ is a single row matrix
3 that now looks like this: 
 
[10 200 585 450] 
The  importance  of  getting  data  out  of  matrices  to  successful  MATLAB 
programming  can  not  be  overstated.    It  is  THE  most  important  thing  a 
beginning programmer can learn.  To get the first data value (distance from 
the left screen border) out of ‘scrsize’ and store it in the variable ‘x,’ the user 
must use the following code: 
x=scrsize(1,1) 
 
Similarly, to get the second data value (distance from the bottom border) out of 
‘scrsize’ and store it in ‘x,’ the user must use the following code: 
x=scrsize(1,2) 
To  save  a  specific  member  of  a  matrix  into  a  variable,  use  the  following 
general format: 
variable=matrixname(row,column) 
An entire column can be accessed by using a colon in place of the row value: 
Variable=matrixname(:,column) 
This also works in reverse for accessing an entire row: 
Variable=matrixname(row,:) 
It should be obvious that using a colon to access an entire column is the same 
as  specifying  row  #1  for  a  matrix  that  only  has  one  row.    So-called  ‘hard 
coding’ of numbers into a program is considered to be weak programming.  
                                                 
3 It’s actually a vector, but that’s unimportant for the current discussion.    
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Whenever  possible,  relationships  between  different  variables  should  use 
number-free  variables  or  matrix  indicators  like  the  colon.    This  makes 
programs that are flexible and easier to change. 
1.2 Making Push Buttons 
  By  storing  the  figure’s  screen  size  in  the  matrix  ‘scrsize,’  it  will  be 
available for following lines of code that make pushbuttons proportional to the 
figure.  The ‘Quit’ button will serve as an example of how to make such a 
pushbutton.  The lines of code that build the ‘Quit’ button are: 
quitbutton=uicontrol('style','pushbutton',... 
'string','Quit',... 
'backgroundcolor',[1,0,0],... 
'fontsize',10,... 
'position',[((scrsize(:,1))/20)+480 ((scrsize(:,2))/35)+23 50 20],... 
'callback','s=1;close;'); 
 
If  a  user  runs  the  figure  definition  code  (PrimPlot=)  and  the  code  shown 
above, they should see the following figure: 
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These  lines  of  code  define  the  ‘Quit’  button  as  the  User  Interface  Control 
(uicontrol  in  MATLAB-speak)  with  ‘style’  ‘pushbutton’  and  the  text  ‘string’ 
‘Quit.”  Push button is just one of many uicontrol styles available in MATLAB.  
The text ‘string’ in the second line is the text that will appear on the push 
button.  The third line of code sets the ‘Quit’ button’s background color to red.  
MATLAB specifies colors using a matrix in the following format: 
[red green blue] 
Values of individual colors can vary from 0 to 1.  Any color can be made by 
varying the proportions of red, green, and blue.  The text string that appears 
on the push button can be changed by varying the ‘fontsize’ property.  The 
‘position’  property  uses  values  found  in  the  matrix  ‘scrsize’  to  calculate  a 
proportional distance for  the  ‘Quit’  button.   This  effectively  keeps  the  ‘Quit’ 
button in the same place if the figure window is resized.  The last property, 
‘callback,’ is the most important part of the ‘Quit’ button definition.  Whenever 
the ‘Quit’ button is pushed, the value of the variable ‘s’ is changed to 1 and 
then  the  figure  is  closed.    The  ‘callback’  property  is  how  a  push  button 
interacts with the underlying program.  This will be discussed in Part 2.  All the 
other push buttons in Whisker2 are constructed using the same format as the 
‘Quit’ button.   
1.3 Making Text Fields 
  In  Whisker2,  text  fields  are  used  to  display  information  about  the 
coordinates of marked whiskers and how many whiskers have been marked.  
How these values actually change following user input will be discussed in 
Part 2.  The code for defining the whisker count text field is shown below: 
 
numSize=uicontrol('style','text',... 
'string','0',... 
'fontsize',10,... 
'position',[((scrsize(:,1))/20)+15 ((scrsize(:,2))/35)+1 25 15]);  
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The format is not all that different from the code that defined the ‘Quit’ button.  
The ‘style’ property is set to ‘text.’  On starting Whisker2, this text field is set to 
0 by having the property ‘string’ set to the character ‘0.’  The coordinate text 
fields are constructed using the same format as the whisker count text field. 
1.4 Mouse Button Action 
  GUIs are designed to be used with a mouse or some other ‘clickable’ 
input  device.    Whisker2  uses  mouse  clicks  to  enter  coordinate  values  for 
whiskers.    How  this  is  actually  done  will  be  discussed  in  Part  2.    It  is  still 
essential to define what happens when a mouse button is clicked.   
set(gcf,'windowbuttondownfcn','mousedown=1;'); 
The  ‘windowbuttondownfcn’  is  a  function  present  in  all  MATLAB  figure 
windows.  This line of code has that function set the variable ‘mousedown’ to 
one.   
2. WHISKER2: IMPLEMENTING THE GUI: USING ‘WHILE’ LOOPS, ‘FOR’ 
LOOPS, AND ‘IF’ STATEMENTS 
  The previous section detailed the ‘building’ aspect of GUI design.  This 
section will detail how the GUI of Whisker2 actually works.  For a programmer 
who  has  never  made  a  GUI,  the  logic  behind  their  operation  can  seem 
counterintuitive.  Before the line-by-line workings of Whisker2 are spelled out, 
it is necessary to give a brief outline of the inner working of the GUI. 
2.1 The ‘While’ Loop 
  The most important line of code in Whisker2 is the ‘while’ at line 67: 
while (s==0)
4 
                                                 
4 At the MATLAB command line, type in help relop for information on 
relational operators like ‘==’  
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A ‘while’ loop consists of a ‘while’ statements followed by lines of code to be 
executed and then an ‘end’ statement.  A ‘while’ loop executes all the lines of 
code  within  them  as  long  as  their  conditional  statement  is  true.    This  is 
perhaps easier to visualize if the programmer imagines the computer ‘reading’ 
through  the  code  line  by  line  until  it  comes  to  a  ‘while.’    It  checks  the 
conditional statement.  If s is indeed equal to 0, it then begins to execute the 
code following the ‘while.’  Then it reaches the ‘end’ statement and goes back 
to the ‘while.’  It does this over and over again, for as many cycles per second 
as  the  programmer’s  computer  can  run  per  second  until  the  conditional 
statement is not true.    In the case of Whisker2, the conditional statement is 
the variable associated with the ‘Quit’ button.  In a very real sense, all the GUI 
is, is a set of code that runs as long as the ‘Quit’ button has not been pushed.  
When the ‘Quit’ button is pushed, its ‘callback’ property returns a value of s=1.  
The  ‘while’  loop’s  conditional  statement  is  no  longer  true,  and  the  figure 
window closes.  All other push button ‘callback’ properties are evaluated by ‘if’ 
statements within the ‘while’ loop.  It should be obvious that these ‘callback’ 
properties  can  not  be  evaluated  if  nothing  within  the  ‘while’  loop  is  being 
executed.  
2.2 The ‘If’ Statement 
  Recall that the push button definition code has a ‘callback’ property.  
The ‘callback’ property is used to set what code is called when that button is 
pushed.    Within  the  ‘while’  loop,  ‘if’  statements  check  the  values  of  these 
callbacks.  ‘If’ statements begin with an ‘if’ and end with an ‘end.’  Lines of 
code within the ‘if’ statement are executed when the ‘if’ statement’s conditional 
statement is true.  In the Whisker2 GUI, the variable in the ‘if’ statement’s  
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conditional  statement  is  the  ‘callback’  of  the  push  button  for  that  code.  
Examples can be found in the explanation of each push button below.  
2.3 The ‘For’ Loop 
  ‘For’ loops begin with a ‘for’ and end with an ‘end.’  Code within the ‘for’ 
loop is run a certain number of times specified in the initial ‘for’ statement.  In 
Whisker2, ‘for’ loops are used to perform sort and distance calculations for 
each whisker.  How ‘for’ loops are used to do this is shown in the explanations 
of the push buttons below. 
2.4 Pseudocode and the Line-By-Line Workings of Whisker2 
  What follows is a ‘pseudocode’ version of the GUI control structure.  It 
is  common  practice  to  first  write  out  a  program  in  hybrid  English/MATLAB 
‘pseudocode.’  The ‘pseudocode’ is then translated into MATLAB. 
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  GUI Definitions 
  While the ‘Quit’ button has not been pushed, run the following code: 
    If the ‘Load’ button is pushed: 
      Display the image in the figure window 
      Calculate intensity values 
    If the ‘Gray’ button is pushed: 
      Display the image as intensities only, use gray colormap 
      Plot any whiskers 
      Reset ‘Callback’ property values 
    If the ‘False’ button is pushed: 
      Display the image as intensities only, use jet colormap 
      Plot any whiskers 
      Reset ‘Callback’ property values 
    If the ‘True’ button is pushed: 
      Display the image with RGB colors 
                  Plot any whiskers 
      Reset ‘Callback’ property values 
    If the ‘Clear’ button is pushed: 
      Clear axes 
      Set coordinate matrices to 0 
      Reset ‘Callback’ property values 
    If the mouse is clicked 
      Get coordinates of mouse click 
      Add coordinates to coordinate matrices 
      Get number of coordinates 
      Plot points on image 
      Reset ‘Callback’ property values 
    If the ‘Plot’ button is pushed 
      Make new figure with ‘Quit’ and ‘Write’ buttons 
      Display image in new window 
        For the number of whiskers 
                      Sort whisker points on x axis 
        For the number of whiskers 
                     Calculate distance and ID # 
       Do Convex Hull 
      Plot sorted whisker points over Convex Hull 
        While the ‘Quit’ button has not been pushed, run the following 
          If the ‘Write’ button is pushed: 
            Write data to ‘WhiskerDat.txt’ 
 
2.4.1 The ‘Load’ Button 
  The following lines of code are executed when the ‘Load’ button is 
pushed and the callback variable ‘v’ is set to 1.   
if(v==1)    
 s=0;v=0;clear=0;mousedown=0;mouseup=0;mousemotion=0;pnew=0; 
 gry=0;fls=0;tru=0; 
 set(truebutton,'enable','on'); 
 set(truebutton,'backgroundcolor',[.8,.8,.8]); 
 set(graybutton,'enable','on'); 
 set(graybutton,'backgroundcolor',[.8,.8,.8]);  
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 set(falsebutton,'enable','on'); 
 set(falsebutton,'backgroundcolor',[.8,.8,.8]); 
 set(clearbutton,'enable','on'); 
 set(clearbutton,'backgroundcolor',[1,1,1]); 
 [filename,pathname]= uigetfile('*.jpg'); 
   try 
     imread([pathname,filename], 'JPEG'); 
   catch 
     errordlg('load did not work, press quit and restart') 
   end 
 x=imread([pathname,filename], 'JPEG'); 
 image(x) 
 xC=double(x); 
 xC=.2989*xC(:,:,1)+.5870*xC(:,:,2)+.1140*xC(:,:,3); 
 set(gca,'xaxisloc','top','yaxisloc','right','fontsize',7); 
 hold on 
end 
The first line resets all the other ‘callback’ variables.  This is a common feature 
of all the push button code in Whisker2.  It ensures that a push button doesn’t 
become inactive after it is clicked once.  The next lines of code: 
 
set(truebutton,'enable','on'); 
set(truebutton,'backgroundcolor',[.8,.8,.8]); 
use the ‘set’ function to turn the ‘enable’ property to on.  This is a way to make 
push  buttons  context  dependent.    Only  after  the  ‘Load’  button  has  been 
pushed,  and  a  picture  is  displayed,  do  buttons  that  can  affect  that  image 
become clickable.  This is a way of limiting the damage a user can do to a 
program by clicking on buttons that shouldn’t be clicked.  These lines of code 
also set each button to a different color.  The next lines of code: 
 
[filename,pathname]= uigetfile('*.jpg'); 
   try 
     imread([pathname,filename], 'JPEG'); 
   catch 
     errordlg('load did not work, press quit and restart') 
   end 
 x=imread([pathname,filename], 'JPEG'); 
 image(x) 
use the uigetfile function to launch a pop-up window that allows the user to 
browse for an JPG compressed image file to load.  ‘Imread’ should be used to 
download an image file.  ‘Imread’ preserves the unique matrix structure of an  
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RGB image.  The “try”-“catch”-“end” structure allows for the quick addition of 
an error message if the user botches the load operation.  The loaded file is 
stored in the variable ‘x.’ The ‘image’ function is used to display ‘x’ in the axes 
of the figure window.  The next lines of code are important to the rest of the 
color management buttons: 
 
xC=double(x); 
xC=.2989*xC(:,:,1)+.5870*xC(:,:,2)+.1140*xC(:,:,3); 
The first line takes care of a quirk of working with JPG images in MATLAB.  
MATLAB’s ‘imread’ function saves a JPG image as an mXnX3 matrix of uint8 
integers.   Each pixel has m and n coordinates and three color values: red, 
green, and blue (hence, RGB).  This can be visualized as: 
 
 
 
 
 
 
 
 
 
 
 
 
Uint8 integers range from 0 to 256.  A value of 256 is the maximum value for 
that color; zero is the minimum.  Pixels with the maximum value in all three 
colors are white.  Pixels with the minimum value in all three colors are black.   
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Using the ‘double’ function on ‘x’ converts uint8 integers to double precision 
numbers that range from 0 to 1.  Using this scheme, a pixel with 1s in all three 
colors is white, 0 is black.  Once the matrix is in double precision numbers, all 
of MATLAB’s matrix operators can be used.  The next line multiplies all the 
color values in such a way that each pixel now has a single value from 0 to 1.  
This effectively duplicates NTSC grayscale and converts the image from RGB 
to a matrix of light intensities (ref).  This is done in the ‘Load’ button code 
because  it  is  computationally  expensive.    By  doing  all  the  heavy  image 
calculations in the same push button, the user does not notice the lag time 
later when another button is pushed.  The last lines of code: 
 
 set(gca,'xaxisloc','top','yaxisloc','right','fontsize',7); 
 hold on 
end 
use the ‘set’ and Get Current Axes (gca) functions to lock the axes in place 
and set the font size of the axes at seven.  Locking the axes stops them from 
changing size if the user loads an image that is a different size from the one 
before it.  This wreaks havoc with the push buttons and the aesthetic feel of 
the program.  The ‘hold on’ function is used so subsequent code can draw 
over the current axes.  Without this function, the next executed line of code will 
create a new set of axes that will white out the old axes.  The ‘end’ statement 
signals the end of the ‘Load’ button ‘if’ statement. 
2.4.2 The ‘False’, ‘Gray’, and ‘True’ Buttons 
  These  buttons  are  grouped  together  because  they  are  basically  the 
same code but with slight variations.  The ‘Gray’ button will be used as an 
example.  The following lines of code are executed when the ‘Gray’ button is 
pressed and the ‘callback’ variable ‘gry’ is set to 1.    
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if(gry==1)         
 hold on 
 imagesc(xC);  
 colormap gray; 
 plot(x1,y1,'b*'); 
 set(gca,'xaxisloc','top','yaxisloc','right','fontsize',7); 
 s=0;v=0;clear=0;mousedown=0; mouseup=0;     
 mousemotion=0;pnew=0;gry=0;fls=0;tru=0; 
end    
The ‘hold on’ function performs the same function as it did in the ‘Load’ button 
code explained above.  The ‘imagesc’ function is used to image the scaled 
intensity matrix created by the ‘Load’ button code and stored in the matrix ‘xC.’  
The next line tells ‘imagesc’ to use the colormap ‘gray.’  A colormap is a set of 
predefined values used to assign color values to intensity images.  MATLAB 
has many colormaps.  The ‘False’ button uses the ‘jet’ colormap to highlight 
areas that are white in the original RGB image.  In the next line of code, the 
‘plot’ function is used to display the x,y coordinates of marked whiskers (stored 
in the matrices x1, y1) as blue asterisks (‘b*’).  The last three lines perform the 
same function as in the ‘Load’ button.  
2.4.3 The ‘Clear’ Button 
  The ‘Clear’ button is relatively straight forward in design:  
 
if(clear==1) 
 cla;  
 set(clearbutton,'enable','off'); 
 set(clearbutton,'backgroundcolor',[.8,.8,.8]); 
 set(plotnewbutton,'enable','off'); 
 set(plotnewbutton,'backgroundcolor',[.8,.8,.8]); 
 set(truebutton,'enable','off'); 
 set(truebutton,'backgroundcolor',[.8,.8,.8]); 
 set(graybutton,'enable','off'); 
 set(graybutton,'backgroundcolor',[.8,.8,.8]); 
 set(falsebutton,'enable','off'); 
 set(falsebutton,'backgroundcolor',[.8,.8,.8]);     
 set(numx,'string','x'); 
 set(numy,'string','y'); 
 set(numSize,'string','0'); 
 x1=[];y1=[]; 
 s=0;v=0;clear=0;mousedown=0;pnew=0;gry=0;fls=0;tru=0; 
end    
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The first line uses the ‘cla’ function to clear the current axes.  The next ten 
lines set all (except ‘Load’ and ‘Quit’) button’s ‘enable’ property to ‘off’ and 
their background color to gray ([.8,.8,.8]).  The ‘Clear’ button is the first place in 
Whisker2 where a text field is changed.  These lines are not different from the 
other ‘set’ functions that have been used so far.  The last three lines reset the 
coordinate matrices x1 and y1 as well as the ‘callback’ variables and ‘end’ the 
‘Clear’ button ‘if’ statement.   
2.4.4 Mouse Click 
  The following lines of code are the heart of Whisker2.  This is where 
mouse clicks are converted to x,y coordinates that the rest of the program 
uses  for  calculations.    Recall  that  in  the  original  GUI  definition  code  the 
‘windowbuttondownfcn’ was set to return a ‘callback’ variable of ‘mousedown’ 
equal  to  one.    The  following  lines  of  code  are  executed  when  the  mouse 
button is clicked: 
if(mousedown==1 & pnew==0) 
 set(plotnewbutton,'enable','on'); 
 set(plotnewbutton,'backgroundcolor',[0,1,0]); 
 pt=get(gca,'currentpoint'); 
 set(numx,'string',[num2str(pt(1,1))]); 
 set(numy,'string',[num2str(pt(1,2))]); 
 x1=[x1;pt(1,1)]; 
 y1=[y1;pt(1,2)]; 
 xS=size(x1); 
 xS=xS(:,1); 
 set(numSize,'string',[num2str(xS)]); 
 points=[x1 y1]; 
 hold on 
 plot(x1,y1,'b*'); 
 drawnow  
 s=0;v=0;clear=0;mousedown=0;gry=0;fls=0;tru=0; 
end 
The first two lines of code turn on the ‘Plot’ button and turn it gray.  The next 
line of code uses the ‘get’ function to determine the ‘currentpoint’ property of 
the current axes and assign the value of this property to the matrix ‘pt.’ Pt is a 
1X2 matrix.  The next two lines of code:  
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set(numx,'string',[num2str(pt(1,1))]); 
set(numy,'string',[num2str(pt(1,2))]); 
use the ‘num2str’ function to convert the number output of  the ‘string’ property 
of the two coordinate text fields to the corresponding coordinate values.  The 
coordinate  matrices  x1  and  y1  are  built  with  each  additional  coordinate  by 
using the lines: 
 
x1=[x1;pt(1,1)]; 
y1=[y1;pt(1,2)]; 
These lines are a good example of how to sequentially append values of one 
matrix (pt) to another (x1 and y1).  The following lines of code: 
xS=size(x1); 
xS=xS(:,1); 
set(numSize,'string',[num2str(xS)]); 
use the ‘size’ function to get the number of coordinates.  Because ‘x1’ is a nX1 
matrix , ‘Size’ returns a 1X2 matrix corresponding to the number of rows (n) 
and columns (1).  The actual size value is extracted by getting the value of ‘xS’ 
at (1,1) which is the same as (:,1).  This value is then converted to the ‘string’ 
property of the whisker count text field (numSize) using the ‘set’ function.  The 
‘hold  on’  function  precedes  the  ‘plot’  function  that  graphs  the  whisker 
coordinates  (x1,  y1)  as  blue  stars  (‘b*’’).    The  ‘drawnow’  function  forces 
MATLAB to graph the whisker coordinated before exiting the mouse click ‘if’ 
statement.  The last line resets the ‘callback’ variables.   
2.4.5. The ‘Plot’ Button 
  The ‘Plot’ button is really another program nested within Whisker2.  It 
calculates  the  three  crucial  data  variables  used  to  identify  individuals.    It 
results in the creation of another figure window with text fields and another 
‘Quit’  button-defined  ‘while’  loop  GUI  control  structure.    The  ‘Write’  button 
within this window exports data to a text file for later analysis.  Because the  
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code for the ‘Plot’ button is long, it will be explained in sections.  The GUI 
definition code works exactly like the GUI definition code of the primary figure 
window: 
if(pnew==1 & v==0) 
 set(gcf,'doublebuffer','on') 
 st=0; 
 write=0; 
 scrsize=get(gcf,'position'); 
 SecPlot=figure('NumberTitle','off',... 
 'Units','pixels',... 
 'position',... 
 [(30*(scrsize(:,1))) ((scrsize(:,2))) ((scrsize(:,3))/2)      
  ((scrsize(:,4))/2)]); 
 x=imread([pathname,filename], 'JPEG'); 
 image(x); 
 quitbutton2=uicontrol('style','pushbutton',... 
 'string','Quit',... 
 'backgroundcolor',[1,0,0],... 
 'fontsize',10,... 
 'position',[((scrsize(:,1))/20)+5 ((scrsize(:,2))/35)+1 50 20],... 
 'callback','st=1;close;'); 
  writebutton=uicontrol('style','pushbutton',... 
 'string','Write',... 
 'backgroundcolor',[1,1,1],... 
 'fontsize',10,... 
 'position',[((scrsize(:,1))/20)+205 ((scrsize(:,2))/35)+1 50 20],... 
 'callback','write=1;'); 
  hold on 
The ‘doublebuffer’ is turned on, ‘callback’ variables for the ‘Quit’ and ‘Write’ 
buttons are initialized.  The ‘scrsize’ matrix is taken from the ‘position’ property 
of the primary figure window.  This is used to make proportional ‘Quit’ and 
‘Write’ buttons.  The current image is reloaded using variables obtained by the 
code for the ‘Load’ button.  The ‘hold on’ function leaves the figure open for 
more drawing.  The following lines of code initialize matrices that will be used 
in sorting coordinates and calculating distances between them.     
 
z=[]; 
d=[]; 
 
This line of code,  
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[points2,I]=sort(points); 
uses  the  ‘sort’  function  to  sort  the  matrix  ‘points.’    Recall  that  ‘points’  was 
made in code executed following a mouse button click.  It contains x1 and y1 
as columns.  In order to understand how ‘sort’ works, the following example 
‘points’ matrix will be used: 
 
points =    174.9812  164.6417 
            211.7141  163.3338 
            196.1733  182.9523 
Notice that the coordinates are not sorted at all.  Following the ‘sort’ function, 
‘points’ becomes ‘points2’: 
 
points2 =  174.9812  163.3338 
           196.1733  164.6417 
           211.7141  182.9523 
This is a step in the right direction, the x values are sorted in increasing order.  
However,  the  x  values  no  longer  correspond  to  the  correct  y  values.  
Thankfully, one of the outputs of the ‘sort’ function is a matrix that maps how 
values moved during the sort.  This map is stored in ‘I’: 
 
I =     1     2 
        3     1 
        2     3 
The following illustration shows how ‘sort’ moved the values in ‘points’ to get 
the values in ‘points2’. 
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Whisker2  uses  a  ‘for’  loop  to  put  the  sorted  x  values  back  with  their 
corresponding  y  values.    To  do  the  ‘for’  loop,  the  following  lines  of  code 
calculate the number of times the ‘for’ loop should run: 
 
N=[size(x1)]; 
N2=N(1,1);  
This is simply the number of whiskers.  The ‘for’ loop takes advantage of the 
fact that the ‘y1’ coordinate matrix is still in the proper order.  The following 
code runs as many times as there are whiskers,  
        for j=1:N2, 
            z=[z;(points2(j,1)),y1((I(j,1)));]; 
            x3=[z(:,1)]; 
            y3=[z(:,2)]; 
        end 
Following our example data, the ‘for’ loop rapidly does the following steps: 
 
N2=3               
For j=1:1,             Points2     y1      
 z=[z;(points2(1,1)),y1((I(1,1)));];  174.9812  164.6417   
 x3=[z(:,1)]; 
 y3=[z(:,2)];                           
 
For j=1:2,                            196.1733  163.3338      
 z=[z;(points2(2,1)),y1((I(2,1)));];   
 x3=[z(:,1)]; 
 y3=[z(:,2)]; 
 
For j=1:3,            211.7141  182.9523    
 z=[z;(points2(3,1)),y1((I(3,1)));];   
 x3=[z(:,1)]; 
 y3=[z(:,2)]; 
end   
 
After running N2 times, the ‘for’ loop has constructed the following matrices:  
 
z =   174.9812  164.6417  x3 =  174.9812    y3 =  164.6417 
      196.1733  182.9523        196.1733          182.9523 
      211.7141  163.3338            211.7141                163.3338  
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Now the coordinates are sorted along the x axis.  The next ‘for’ loop calculates 
the distance from one whisker point to the next using the MATLAB version of 
the distance formula: 
for i=1:(N2-1) 
  d=[d;sqrt(((z((i+1),1)-z(i,1))^2)+((z((i+1),2)-z(i,2))^2))]; 
end  
Again using our example data, the ‘for’ loop rapidly does the following steps: 
                   Whisker 
N2=3; N2-1=2;                   distance 
for i=1:2 
  d=[d;sqrt(((z(3,1)-z(2,1))^2)+((z(3,2)-z(2,2))^2))];  (3-2) 
for i=1:1 
  d=[d;sqrt(((z(2,1)-z(1,1))^2)+((z(2,2)-z(1,2))^2))];  (2-1) 
end 
Note that the ‘for’ loop only goes to N2-1.  This stops the distance formula 
from trying to find the distance from the last whisker to a nonexistent whisker.  
The  next  line  of  code  computes  the  distance  from  the  whisker  with  the 
smallest x coordinate to the whisker with the largest x coordinate: 
dWide=sqrt(((z(1,1)-z(N2,1))^2)+((z(1,2)-z(N2,2))^2)); 
Using the example data,                
                    Whisker 
                       distance 
N2=3; 
dWide=sqrt(((z(1,1)-z(3,1))^2)+((z(1,2)-z(3,2))^2));    (3-1) 
All of the distances are added up (using the ‘sum’ function) and then divided 
by the distance from the smallest x coordinate to the largest x coordinate to 
get ‘ID’: 
 
dSum=sum(d); 
ID=dSum/dWide; 
The  next  lines  of  code  set  up  and  perform  the  Convex  Hull.    Using  the 
MATLAB  function  ‘convhull,’  a  polygon  equal  to  the  smallest  area  that 
encloses all the whiskers is found: 
 
a1=[];  
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a=[x1,y1]; 
cvh2=(convhull(x1,y1)); 
a1=a(cvh2,:); 
x2=a1(:,1); 
y2=a1(:,2); 
N3=size(x2); 
NCH=(N3(1,1))-1; 
fill(x2,y2,'r'); 
The  matrix  ‘a1’  is  initialized.    Matrix  ‘a’  is  then  filled  with  the  unsorted 
coordinates from the coordinate matrices x1 and y1.  The matrix ‘cvh2’ is set 
equal to the results of ‘convhull’ performed on x1 and y1.  ‘Cvh2’ becomes a 
matrix that specifies the whiskers that form the vertices of the polygon.  The 
matrix ‘a1’ is then set equal to the coordinates found in ‘a’ and specified by 
‘cvh2.’  New coordinate matrices, x2 and y2, are set equal to their respective 
parts of ‘a1.’  This is shown using the example data below: 
 
 
The number of coordinates that specify the convex hull polygon is saved in the 
variable ‘NCH.’  Note that NCH is the number of convex hull polygon vertices 
minus one.  This is because the ‘convhull’ function adds a coordinate to make 
a closed loop.  This has to be accounted for when getting a true value of the 
number of convex hull polygon vertices.  Using the ‘fill’ function, a red (‘r’) 
polygon is drawn using the coordinates in x2 and y2.    
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  The following lines of code add the x value sorted whisker coordinates 
(x3 and y3) as a white line (‘w-‘) over the red convex hull polygon. 
 
hold on 
y6=plot(x3,y3,'w-');  
A function called ‘moveplot’ allows individual points to be moved in real time 
before the figure is saved.   
moveplot(y6,'axy'); 
Text fields that display the image’s filename and computed data are defined 
and displayed.  
  
num2=uicontrol('style','text',... 
'string','',... 
'fontsize',10,...  
'position',[((scrsize(:,1))/20)+55 ((scrsize(:,2))/35)+1 150 20]);  
set(num2,'string',[filename  '      '  (num2str(N2))  '      ' 
(num2str(NCH))]); 
Then the axes are locked and turned off: 
 
set(gca,'xaxisloc','top',... 
'yaxisloc','right',... 
'XDir','normal',... 
'YDir','reverse',... 
'fontsize',8); 
axis off; 
All  of  the  previous  code  is  executed  once  the  ‘Plot’  button  in  the  primary 
window is pushed, but before the new figure window’s ‘Quit’ or ‘Write’ buttons 
are pushed.  The following lines of code control the push button actions of the 
second figure window: 
 
while (st==0) 
 if (write==1) 
  wrt=[filename ' ' (num2str(N2)) ' ' (num2str(NCH)) '... 
    '(num2str(ID))]; 
  fid=fopen('WhiskerDat.txt','a+');  
  fprintf(fid,'%s\n',wrt); 
  fclose(fid); 
  write=0;  
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 end 
The ‘while’ loop executes its contained code as long as the ‘Quit’ button is not 
pushed  (st=0).    When  the  ‘Write’  button  is  pushed,  the  ‘Write’  button’s  ‘if’ 
statement saves the current image’s filename, the number of whiskers, the 
number of convex hull polygon vertices, and the ID number as a ‘string’ matrix 
‘wrt’: 
 
wrt=[filename ' ' (num2str(N2)) ' ' (num2str(NCH)) '... 
    '(num2str(ID))]; 
The following line of code uses ‘fopen’ to open the text file WhiskerDat.  This 
function will also create the file if it doesn’t already exist.  The property ‘a+’ 
allows more data to be appended to the file.   
fid=fopen('WhiskerDat.txt','a+'); 
This line uses ‘fprintf’ to save data in ‘wrt’ to the file represented by ‘fid’: 
fprintf(fid,'%s\n',wrt); 
‘%s’ is the format for saving a ‘string.’  There are many %-letter combinations 
used in saving data with ‘fprintf.’  The ‘\n’ specifies a carriage return after the 
data string.  This creates an ordered file of columns and rows that can be 
easily  exported  to  Excel  for  further  analysis.    ‘Fclose’  closes  the  file 
represented by ‘fid.’  The ‘callback’ variable ‘write’ is reset to zero.  The ‘Write’ 
button’s ‘if’ statement is ended with an ‘end’ statement.  
  fclose(fid); 
  write=0; 
 end 
 
2.4.6 Ending the Program 
  The  following  code  ends  the  program.    First,  there  is  a  ‘drawnow’ 
function that follows the ‘end’ of the second figure window’s ‘Write’ button’s ‘if’ 
statement.  This and subsequent ‘drawnow’ functions force MATLAB to output  
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the  results  of  preceding  code  to  the  screen  immediately.    Without  these 
functions,  the  results  of  pushed  buttons  will  not  be  seen  immediately.  
‘Callback’  variables  are  reset  before  the  ‘end’  of  the  ‘Plot’  button’s  ‘if’ 
statement.  Then the ‘Plot’ button’s ‘if’ statement is followed by the first ‘while’ 
loop’s ‘end’ statement.  The last line of the program is a ‘close’ statement. 
 
   drawnow 
  end                         ‘End’ of the 2
nd ‘while’ loop                 
  s=0;v=0;clear=0;mousedown=0;pnew=0;gry=0;fls=0;tru=0; 
  drawnow; 
 end                     ‘End’ of the ‘Plot’ button ‘if’      
 drawnow 
end      ‘End’ of the 1st ‘while’ loop      
close 
 
3. WhiskerView: Building the GUI 
  WhiskerView is actually modified from a very early version of Whisker2, 
a version I wrote when I was figuring out how to display pictures in MATLAB.  
WhiskerView is no where near as complicated as Whisker2.  All it does is load 
and display pictures.  However, it does a few interesting things that Whisker2 
does not do.  Some of these show up in the GUI definition code.   
3.1 The Figure Window 
  The  figure  window  is  defined  exactly  the  same  as  in  Whisker2, 
‘doublebuffer’  is  turned  on,  and  position  values  are  loaded  into  the  matrix 
‘scrsize’.   
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3.2 Making Push Buttons. 
  The ‘Quit’, ‘Clear’ and ‘View’ buttons are defined like a standard push 
button.  Although there is somewhat of a precedent for this in the code that 
defines  the  ‘Quit’  button,  things  do  get  tricky  in  the  code  for  defining  the 
buttons  that  move  through  pictures.    The  ‘>>’  button  will  be  used  as  an 
example: 
 
nextbutton=uicontrol('style','pushbutton',... 
    'string','>>',... 
    'backgroundcolor',[.8,.8,.8],... 
    'fontsize',9, ... 
    'position',[((scrsize(:,1))/20)+220 ((scrsize(:,2))/35)+21 50 
20],... 
    'callback', 'nxt=1;cnt=cnt+1'); 
There’s nothing unusual here until the last line, the ‘callback’ definition.  The 
callback variable ‘nxt’ is set equal to one.  And then there’s some math:   
cnt=cnt+1 
The variable ‘cnt’ is the heart of WhiskerView.  It is what the code in the ‘>>’ 
button ‘if’ statement uses to figure out what picture to display.  It is a counter 
variable that keeps track of how many times the ‘>>’ or ‘<<’ button has been 
pushed.  It is in the ‘callback’ definition for a very good reason.  That will be 
explained in the section below that explains that piece of code. 
3.3 Making Text Fields 
  In  WhiskerView,  text  fields  are  used  to  display  the  filename  of  the 
current image and to enter the file name of the target image to be loaded.  The 
difference between these two is reflected in the definition code: 
 
numFile=uicontrol('style','text',... 
    'string','',... 
    'fontsize',10,... 
    'position',[((scrsize(:,1))/20)+110 ((scrsize(:,2))/35)+330 100 
15]); 
edittext=uicontrol('style','edit',... 
    'string','ADULT000.jpg',...  
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    'fontsize',9,... 
    'position',[((scrsize(:,1))/20)+70 ((scrsize(:,2))/35)+2 250 
20]);  
 ‘numfile’  defines  the  text  field  that  will  display  the  filename  of  the  current 
image.  ‘edittext’ defines the text field that will be used to enter the file name of 
the target image to be loaded.  As far as defining the two, the only difference is 
in the ‘style’ property.  They will, of course, be handled somewhat differently in 
the ‘if’ statements below.   
3.4 Getting Image Filenames Into WhiskerView. 
  Whisker2 did not have any important functions or calculations before its 
main ‘while’ loop.  WhiskerView has one key function that gets data that will be 
used by the rest of the program, it comes before WhiskerView’s main ‘while’ 
loop.   
files=dir('*.jpg'); 
The  ‘dir’  function  looks  in  MATLAB’s  ‘work’  folder  for  files  with  a  specified 
extension.  In this case it is looking for JPG files.  The ‘dir’ function returns an 
array  of  structures  with  the  following  fields:  name,  date,  bytes,  and  isdir.  
Defining what a structure is or even better, what an array of structures is, is 
outside the scope of this documentation.  Suffice it to say, the ‘dir’ function 
gets the names of all the JPG files in the MATLAB ‘work’ folder.  How this is 
used will be described in the ‘if’ statement descriptions below. 
4. WHISKERVIEW: IMPLEMENTING THE GUI USING ‘WHILE’ LOOPS AND 
‘IF’ STATEMENTS 
  The previous section detailed the ‘building’ aspect of GUI design.  This 
section will detail how the GUI of Whisker2 actually works.   
4.1 The Main ‘While’ Loop.  
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  WhiskerView’s  GUI  control  structure  is  a  single  ‘While’  loop  that 
contains  ‘if’  statements.    The  ‘while’  loop’s  conditional  statement  is  the 
‘callback’ variable of the ‘Quit’ button.  As long as the ‘Quit’ button has not 
been pushed, the ‘if’ statements within the ‘while’ loop are evaluated and the 
program runs.  If the ‘Quit’ button is pushed, the variable ‘s’ is set to 1 and the 
figure window closes.  See this section for Whisker2 to get a feel for how 
important the ‘while’ loop is and the big idea behind the GUI control structure.   
4.2 ‘If’ Statements 
  WhiskerView’s  push  buttons  were  defined  at  the  beginning  of  the 
program.  Lines of code within the ‘if’ statement are executed when the ‘if’ 
statement’s conditional statement is true.  In the Whisker2 GUI, the variable in 
the ‘if’ statement’s conditional statement is the ‘callback’ of the push button for 
that code.  Examples can be found in the explanation of each push button 
below.  
4.3 Pseudocode and the Line-By-Line Workings of WhiskerView 
  As established in this section for Whisker2 (above), it is common to 
write out ‘pseudocode’ for a program and then translate that into MATLAB.  
What follows is the pseudocode and then a full explanation of each working 
part of WhiskerView. 
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  GUI Definitions 
  Get file names, save to struct array ‘files’ 
  While the ‘Quit’ button has not been pushed, run the following code: 
     If counter variable is greater than the number of files 
      Set counter to 1 
     If counter variable is less than 1 
      Set counter to the number of files 
     If the ‘View’ button is pushed 
      Get the text string from the edit text field 
      Read the image, store in ‘x’ 
      Image ‘x’ using the ‘subplot’ function     
      Reset ‘callback’ variables 
     If the ‘Clear’ button is pushed 
      Clear axes 
      Set counter variable to 0 
      Reset ‘callback’ variables 
     If the ‘>>’ button is pushed 
      Add 1 to counter variable 
      Get current filename from ‘files’ using counter variable 
      Read filename, save in ‘t2’ 
      Set current image text field string to ‘t2’ 
      Image ‘t2’ using ‘subplot’ 
      Turn axes off 
      Reset ‘callback’ variables 
    If the ‘>>’ button is pushed 
      Subtract 1 from counter variable 
      Get current filename from ‘files’ using counter variable 
      Read filename, save in ‘t2’ 
      Set current image text field string to ‘t2’ 
      Image ‘t2’ using ‘subplot’ 
      Turn axes off 
      Reset ‘callback’ variables 
 
4.3.1 Counter Variable Control 
  The counter variable ‘cnt’ is crucial to the operation of WhiskerView.  
The ‘>>’ and ‘<<’ buttons directly control the state of ‘cnt.’  They do so through 
their ‘callback’ variables: 
For the ‘>>’ button: 
'callback', 'nxt=1;cnt=cnt+1');     
For the ‘>>’ button:  
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'callback', 'prv=1;cnt=cnt-1');     
Incrementing and decrementing the counter in the ‘callback’ ensures that ‘cnt’ 
is changed only when the button is actually pushed.   
  Incrementing and decrementing have their limits.  For example, if there 
are 16 JPG images in MATLAB’s ‘work’ directory, WhiskerView will go right 
along and add 1 to ‘cnt’ past 16.  This generates an error when WhiskerView 
tries to open the 17
th file in the structure array ‘files’ and finds there is no 17
th 
filename.    The  same  kind  of  problem  holds  for  the  opposite  direction.  
WhiskerView will continue to decrement below 1, even though there is no 0
th 
or -1
th file!  The first ‘if’ statements within the ‘while’ loop check the status of 
‘cnt’ and make sure it is not in an impossible state: 
 
 if(cnt>((length(files)))) 
    cnt=1; 
 end 
The ‘if’ statement above first gets the length of the filename field of the struct 
array ‘files’ using the ‘length’ function.  If the ‘cnt’ variable is greater than the 
number of possible filenames, it resets ‘cnt’ to 1.  One can imagine the user 
clicking past the last picture, this ‘if’ statement resets ‘cnt’ to 1, and the 1
st 
picture comes up again.  Problem solved.  The ‘if’ statement below checks for 
impossibly low ‘cnt’ values.   
 
 if(cnt<1) 
    cnt=(length(files)); 
 end 
 
If the user has gone backwards (using the ‘<<’ button) to the last filename and 
clicks  again,  ‘cnt’  becomes  0.    The  previous  ‘if’  statement  sets  ‘cnt’  to  the 
number  of  filenames.    This  is  equivalent  to  setting  ‘cnt’  equal  to  the  last 
filename.  
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4.3.2 The ‘View’ Button 
  The  ‘View’  button  isn’t  all  that  different  from  the  ‘Plot’  button  of 
Whisker2.  When the ‘View’ button is pushed, the following code is executed: 
 
if(v==1) 
    x=imread(get(edittext, 'string')); 
    subplot('position',[0.5 0.25 0.5 0.5]) 
    image(x); 
    axis off 
    drawnow 
    s=0;v=0;clr=0;nxt=0;prv=0; 
 end 
The ‘imread’ function opens the filename entered into the edit text string and 
stores it in ‘x’.  The ‘subplot’ function is used before the ‘image’ function so the 
image  doesn’t  take  up  the  entire figure  window.   There  are many  different 
ways to use ‘subplot.’  The method used here is to directly specify the position 
and  size  by  using  the  ‘position’  property.    This  is  similar  to  the  ‘position’ 
property used in GUI definition code that makes figure windows.  The format of 
the ‘position’ property matrix is the same: 
[Distance to left border  Distance to bottom border  width  height]. 
However, the units are in proportion of the figure window.  Using the ‘View’ 
button’s code as an example, the width of the displayed image would be 0.5, 
or 50% of the current figure window. 
   Axes are turned off and a ‘drawnow’ forces the image to be displayed.  
“Callback’ variables are reset. 
4.3.3 The ‘Clear’ Button 
  The ‘Clear’ button is even simpler than the ‘Clear’ button of Whisker2.   
 
if(clr==1) 
    cla; 
    cnt=0; 
    s=0;v=0;clr=0;nxt=0;prv=0; 
 end  
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Axes  are  cleared,  the  ‘cnt’  counter  variable  is  reset  to  0,  then  ‘callback’ 
variables are reset. 
4.3.4 The ‘>>’ and ‘>>’ Buttons 
  These buttons are identical after the ‘if’ statement.  The ‘>>’ button will 
be used as an example.  When the ‘>>’ button is pushed, the ‘cnt’ variable is 
incremented, and the following code is executed: 
 
if(nxt==1) 
    t=(files(cnt).name); 
    t2=imread(t); 
    set(numFile,'string',[num2str(t)]); 
    subplot('position',[0 0.25 0.5 0.5]) 
    subimage(t2);  
    axis off 
    s=0;v=0;clr=0;nxt=0; 
The first line uses the ‘cnt’ variable to specify the number of the filename as 
stored in the ‘files’ struct array defined at the beginning of the program.  If ‘cnt’ 
happens to be set at 10 when the ‘>>’ button is pushed, the filename stored at 
files(10).name  is  saved  into  the  variable  ‘t’  and  loaded  using  the  ‘imread’ 
function.  The current file display text field is updated using the ‘set’ command.  
The ‘subplot’ function specifies exactly where the following ‘subimage’ function 
will display the image store in ‘t2.’  ‘Subimage’ is used instead of image to 
ensure  smoother  function  and  the  correct  assignment  of  pictures  to  their 
respective windows.   
4.3.5 Ending the Program 
  The ‘while’ loop has an ‘end’ statement that closes the loop.  
 
C: Complete MATLAB Code 
 
Whisker2.m 
 
PrimPlot=figure('NumberTitle','off',... 
'Name','Whisker 2',... 
'position',[10 200 585 450]);  
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set(gcf,'doublebuffer','on') 
scrsize=get(gcf,'position'); 
quitbutton=uicontrol('style','pushbutton',... 
'string','Quit',... 
'backgroundcolor',[1,0,0],... 
'fontsize',10,... 
'position',[((scrsize(:,1))/20)+480 ((scrsize(:,2))/35)+23 50 20],... 
'callback','s=1;close;'); 
clearbutton=uicontrol('style','pushbutton',... 
'string','Clear',... 
'enable','off',... 
'backgroundcolor',[.8,.8,.8],... 
'fontsize',10,... 
'position',[((scrsize(:,1))/20)+125 ((scrsize(:,2))/35)+23 50 20],... 
'callback', 'clear=1'); 
plotbutton=uicontrol('style','pushbutton',... 
'string','Load',... 
'backgroundcolor',[1,1,0],... 
'fontsize',10,... 
'position',[((scrsize(:,1))/20)+75 ((scrsize(:,2))/35)+23 50 20],... 
'callback', 'v=1;'); 
plotnewbutton=uicontrol('style','pushbutton',... 
'string','Plot',... 
'enable','off',... 
'backgroundcolor',[.8,.8,.8],... 
'fontsize',10,... 
'position',[((scrsize(:,1))/20)+175 ((scrsize(:,2))/35)+23 50 20],... 
'callback', 'pnew=1;'); 
graybutton=uicontrol('style','pushbutton',... 
'string','Gray',... 
'enable','off',... 
'backgroundcolor',[.8,.8,.8],... 
'fontsize',10,... 
'position',[((scrsize(:,1))/20)+20 ((scrsize(:,2))/35)+123 50 20],... 
'callback', 'gry=1;'); 
falsebutton=uicontrol('style','pushbutton',... 
'string','False',... 
'enable','off',... 
'backgroundcolor',[.8,.8,.8],... 
'fontsize',10,... 
'position',[((scrsize(:,1))/20)+20 ((scrsize(:,2))/35)+143 50 20],... 
'callback', 'fls=1;'); 
truebutton=uicontrol('style','pushbutton',... 
'string','True',... 
'enable','off',... 
'backgroundcolor',[.8,.8,.8],... 
'fontsize',10,... 
'position',[((scrsize(:,1))/20)+20 ((scrsize(:,2))/35)+103 50 20],... 
'callback', 'tru=1;'); 
numx=uicontrol('style','text',... 
'string','x',... 
'fontsize',10,... 
'position',[((scrsize(:,1))/20)+75 ((scrsize(:,2))/35)+1 70 15]); 
numy=uicontrol('style','text',... 
'string','y',...  
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'fontsize',10,... 
'position',[((scrsize(:,1))/20)+145 ((scrsize(:,2))/35)+1 70 15]); 
numSize=uicontrol('style','text',... 
'string','0',... 
'fontsize',10,... 
'position',[((scrsize(:,1))/20)+15 ((scrsize(:,2))/35)+1 25 15]); 
set(gcf,'windowbuttondownfcn','mousedown=1;'); 
s=0;v=0;clear=0;mousedown=0;save=0; 
pnew=0;gry=0;fls=0;tru=0;x1=[];y1=[]; 
while (s==0) 
    if(v==1)    
       s=0;v=0;clear=0;mousedown=0;mouseup=0;mousemotion=0;pnew=0; 
       gry=0;fls=0;tru=0; 
       set(truebutton,'enable','on'); 
       set(truebutton,'backgroundcolor',[.8,.8,.8]); 
       set(graybutton,'enable','on'); 
       set(graybutton,'backgroundcolor',[.8,.8,.8]); 
       set(falsebutton,'enable','on'); 
       set(falsebutton,'backgroundcolor',[.8,.8,.8]); 
       set(clearbutton,'enable','on'); 
       set(clearbutton,'backgroundcolor',[1,1,1]); 
       [filename,pathname]= uigetfile('*.jpg'); 
        try 
            imread([pathname,filename], 'JPEG'); 
        catch 
            errordlg('load did not work, press quit and restart') 
        end 
       x=imread([pathname,filename], 'JPEG'); 
       image(x) 
       xC=double(x); 
       xC=.2989*xC(:,:,1)+.5870*xC(:,:,2)+.1140*xC(:,:,3); 
       set(gca,'xaxisloc','top','yaxisloc','right','fontsize',7); 
       hold on 
    end 
    if(gry==1)         
       hold on 
       imagesc(xC);  
       colormap gray; 
       plot(x1,y1,'b*'); 
       set(gca,'xaxisloc','top','yaxisloc','right','fontsize',7); 
       s=0;v=0;clear=0;mousedown=0; mouseup=0;     
       mousemotion=0;pnew=0;gry=0;fls=0;tru=0; 
    end     
    if(fls==1)         
       hold on 
       imagesc(xC);  
       colormap jet; 
       plot(x1,y1,'r*'); 
       set(gca,'xaxisloc','top','yaxisloc','right','fontsize',7); 
       s=0;v=0;clear=0;mousedown=0; mouseup=0;  
       mousemotion=0;;pnew=0;gry=0;fls=0;tru=0; 
    end 
    if(tru==1)         
       hold on 
       image(x);   
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       plot(x1,y1,'b*'); 
       set(gca,'xaxisloc','top','yaxisloc','right','fontsize',7); 
       s=0;v=0;clear=0;mousedown=0; mouseup=0;  
       mousemotion=0;;pnew=0;gry=0;fls=0;tru=0; 
    end 
    if(clear==1) 
       cla;  
       set(clearbutton,'enable','off'); 
       set(clearbutton,'backgroundcolor',[.8,.8,.8]); 
       set(plotnewbutton,'enable','off'); 
       set(plotnewbutton,'backgroundcolor',[.8,.8,.8]); 
       set(truebutton,'enable','off'); 
       set(truebutton,'backgroundcolor',[.8,.8,.8]); 
       set(graybutton,'enable','off'); 
       set(graybutton,'backgroundcolor',[.8,.8,.8]); 
       set(falsebutton,'enable','off'); 
       set(falsebutton,'backgroundcolor',[.8,.8,.8]);     
       set(numx,'string','x'); 
       set(numy,'string','y'); 
       set(numSize,'string','0'); 
       x1=[];y1=[]; 
       s=0;v=0;clear=0;mousedown=0;pnew=0;gry=0;fls=0;tru=0; 
    end 
    if(mousedown==1 & pnew==0) 
       set(plotnewbutton,'enable','on'); 
       set(plotnewbutton,'backgroundcolor',[0,1,0]); 
       pt=get(gca,'currentpoint'); 
       set(numx,'string',[num2str(pt(1,1))]); 
       set(numy,'string',[num2str(pt(1,2))]); 
       x1=[x1;pt(1,1)]; 
       y1=[y1;pt(1,2)]; 
       xS=size(x1); 
       xS=xS(:,1); 
       set(numSize,'string',[num2str(xS)]); 
       points=[x1 y1]; 
       hold on 
       plot(x1,y1,'b*'); 
       drawnow  
       s=0;v=0;clear=0;mousedown=0;gry=0;fls=0;tru=0; 
    end 
    if(pnew==1 & v==0) 
       set(gcf,'doublebuffer','on') 
       st=0; 
       write=0; 
       scrsize=get(gcf,'position'); 
       SecPlot=figure('NumberTitle','off',... 
       'Units','pixels',... 
       'position',... 
       [(30*(scrsize(:,1))) ((scrsize(:,2))) ((scrsize(:,3))/2)      
           ((scrsize(:,4))/2)]); 
       x=imread([pathname,filename], 'JPEG'); 
       image(x); 
       quitbutton2=uicontrol('style','pushbutton',... 
       'string','Quit',... 
       'backgroundcolor',[1,0,0],...  
 
94 
   
       'fontsize',10,... 
       'position',[((scrsize(:,1))/20)+5 ((scrsize(:,2))/35)+1 50 
20],... 
       'callback','st=1;close;'); 
       writebutton=uicontrol('style','pushbutton',... 
       'string','Write',... 
       'backgroundcolor',[1,1,1],... 
       'fontsize',10,... 
       'position',[((scrsize(:,1))/20)+205 ((scrsize(:,2))/35)+1 50 
20],... 
       'callback','write=1;'); 
       hold on 
       z=[]; 
       d=[]; 
       [points2,I]=sort(points); 
       N=[size(x1)]; 
       N2=N(1,1);  
        for j=1:N2, 
            z=[z;(points2(j,1)),y1((I(j,1)));]; 
            x3=[z(:,1)]; 
            y3=[z(:,2)]; 
        end 
        for i=1:(N2-1) 
         d=[d;sqrt(((z((i+1),1)-z(i,1))^2)+((z((i+1),2)-z(i,2))^2))]; 
        end  
       dWide=sqrt(((z(1,1)-z(N2,1))^2)+((z(1,2)-z(N2,2))^2)); 
       dSum=sum(d); 
       ID=dSum/dWide; 
       a1=[]; 
       a=[x1,y1]; 
       cvh2=(convhull(x1,y1)); 
       a1=a(cvh2,:); 
       x2=a1(:,1); 
       y2=a1(:,2); 
       N3=size(x2); 
       NCH=(N3(1,1))-1; 
       fill(x2,y2,'r'); 
       hold on 
       y6=plot(x3,y3,'w-');  
       moveplot(y6,'axy'); 
       num2=uicontrol('style','text',... 
       'string','',... 
       'fontsize',10,... 
       'position',[((scrsize(:,1))/20)+55 ((scrsize(:,2))/35)+1 150 
20]); 
       set(num2,'string',[filename '   ' (num2str(N2)) '   ' 
(num2str(NCH))]); 
       set(gca,'xaxisloc','top',... 
       'yaxisloc','right',... 
       'XDir','normal',... 
       'YDir','reverse',... 
       'fontsize',8); 
        axis off; 
       while (st==0) 
             if (write==1)  
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               wrt=[filename ' ' (num2str(N2)) ' ' (num2str(NCH)) ' ' 
(num2str(ID))]; 
               fid=fopen('WhiskerDat.txt','a+');  
               fprintf(fid,'%s\n',wrt); 
               fclose(fid); 
               write=0; 
             end 
             drawnow 
        end 
        s=0;v=0;clear=0;mousedown=0;pnew=0;gry=0;fls=0;tru=0; 
        drawnow; 
        end     
    drawnow 
end 
close 
 
WhiskerView.m 
PrimPlot=figure('NumberTitle','off','Name','WhiskerView','position',[
10 200 585 450]); 
set(gcf,'doublebuffer','on') 
scrsize=get(gcf,'position'); 
quitbutton=uicontrol('style','pushbutton',... 
    'string','Quit',... 
    'backgroundcolor',[.8,.8,.8],... 
    'fontsize',10,... 
    'position',[((scrsize(:,1))/20)+270 ((scrsize(:,2))/35)+21 50 
20],... 
    'callback','s=1;close;'); 
clearbutton=uicontrol('style','pushbutton',... 
    'string','Clear',... 
    'backgroundcolor',[.8,.8,.8],... 
    'fontsize',10,... 
    'position',[((scrsize(:,1))/20)+120 ((scrsize(:,2))/35)+21 50 
20],... 
    'callback', 'clr=1'); 
plotbutton=uicontrol('style','pushbutton',... 
    'string','View',... 
    'backgroundcolor',[.8,.8,.8],... 
    'fontsize',10,... 
    'position',[((scrsize(:,1))/20)+70 ((scrsize(:,2))/35)+21 50 
20],... 
    'callback', 'v=1;'); 
nextbutton=uicontrol('style','pushbutton',... 
    'string','>>',... 
    'backgroundcolor',[.8,.8,.8],... 
    'fontsize',9, ... 
    'position',[((scrsize(:,1))/20)+220 ((scrsize(:,2))/35)+21 50 
20],... 
    'callback', 'nxt=1;cnt=cnt+1'); 
prevbutton=uicontrol('style','pushbutton',... 
    'string','<<',... 
    'backgroundcolor',[.8,.8,.8],... 
    'fontsize',9,... 
    'position',[((scrsize(:,1))/20)+170 ((scrsize(:,2))/35)+21 50 
20],...  
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    'callback', 'prv=1;cnt=cnt-1'); 
numFile=uicontrol('style','text',... 
    'string','',... 
    'fontsize',10,... 
    'position',[((scrsize(:,1))/20)+110 ((scrsize(:,2))/35)+330 100 
15]); 
edittext=uicontrol('style','edit',... 
    'string','ADULT000.jpg',... 
    'fontsize',9,... 
    'position',[((scrsize(:,1))/20)+70 ((scrsize(:,2))/35)+2 250 
20]);  
s=0;v=0;clr=0;nxt=0;prv=0; 
files=dir('*.jpg'); 
cnt=1; 
while (s==0) 
 if(cnt>((length(files)))) 
    cnt=1; 
 end 
 if(cnt<1) 
    cnt=(length(files)); 
 end 
 if(v==1) 
    x=imread(get(edittext, 'string')); 
    subplot('position',[0.5 0.25 0.5 0.5]) 
    image(x); 
    axis off 
    drawnow 
    s=0;v=0;clr=0;nxt=0;prv=0; 
 end 
 if(clr==1) 
    cla; 
    cnt=0; 
    s=0;v=0;clr=0;nxt=0;prv=0; 
 end 
 if(nxt==1) 
    t=(files(cnt).name); 
    t2=imread(t); 
    set(numFile,'string',[num2str(t)]); 
    subplot('position',[0 0.25 0.5 0.5]) 
    subimage(t2);  
    axis off 
    s=0;v=0;clr=0;nxt=0; 
 end 
 if(prv==1) 
    t=(files(cnt).name); 
    t2=imread(t); 
    set(numFile,'string',[num2str(t)]); 
    subplot('position',[0 0.25 0.5 0.5]) 
    subimage(t2);  
    axis off 
    s=0;v=0;clr=0;prv=0; 
 end 
 drawnow 
end  
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